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In this thesis, we construct several groups entirely
by hand via their symmetric presentations. In particular,
we use the technique of double coset enumeration to
manually construct J3: 2, the automorphism group of the
Janko group J3, and represent every element of the group as
a permutation of PSL2(16) : 4, on 120 letters, followed by a
word of length at most 3.
iii
ACKNOWLEDGEMENTS
I would like to thank my advisor-committee chair, Dr.
Hasan, for his time, helping me working on this thesis, and
all committee members, Dr. Sarli and Dr. Williams, for




ACKNOWLEDGEMENTS ............................  iv
LIST OF TABLES .................................. vii
LIST OF FIGURES .................................... viii
CHAPTER ONE: INTRODUCTION
Definitions ..................'............. 1
Symmetric Generation of a Group ............ 5
CHAPTER TWO: SYMMETRIC GENERATION OF S7
Symmetric Presentation ................ ‘ . . 7
The Identification of Cosets Labeling .... 13
CHAPTER THREE: SYMMETRIC GENERATION OF S8
Symmetric Presentation ...................... 16
The Identification of Cosets Labeling .... 25
CHAPTER FOUR: SYMMETRIC GENERATION OF 3’S7
Symmetric Presentation .................... 38
The Identification of Cosets Labeling .... 50
CHAPTER FIVE: SYMMETRIC GENERATION OF 23' 23’ +3z : L3 (2 )
Symmetric Presentation ...................... 56
The Identification of Cosets Labeling .... 60
CHAPTER SIX: SYMMETRIC GENERATION OF J3: 2
Symmetric Presentation ...................... 73
v




























Table 4.1. The Double Coset NfflN = [co] , where
N = L3(2) , co = {0,1,2,3,4,5, 6} ... 46
Table 6.1. The Double Coset N<y N = [ co ] , where
N = L2(16) : 4, co = {1,2,..., 120} . . . 86
vii
LIST OF FIGURES
Figure 2.1. Cayley Graph of S7 over L3(2)   12
Figure 3.1. Cayley Graph of S8 over L3(2)   24
Figure 4.1. Cayley Graph of 3'S7 over L3(2) ..... 49-
Figure 5.1. Cayley Graph of 23‘ 23*+3z : L3 (2)
over L3(2) .......................... 60





Symmetric generation methods provide a uniform way of 
constructing finite group. Since all finite groups can be 
constructed from simple groups, we are particularly 
interested in simple groups. Now every nonabelian simple
group is a homomorphic image of 2*n: N, a semi-direct
product of n copies of a cyclic group of order 2 extended
by a subgroup N of the symmetric group of degree n.
Therefore, we investigate homomorphic images of 2*n: N.
The methods of symmetric generation can be used to
prove the existence of a finite group, and the main purpose
of this thesis is to demonstrate how. We will use the
methods and demonstrate how PSL3(2) occurs as the
homomorphic image of 2*7: PSL3(2).
The symbol m*n denotes a free product of n copies of
the cyclic group Cm; thus, F = 2n =(t1,t2,...,tn\t2 =
If ;ris a permutation of the n letters {1, 2,..., n} then
^■induces an (outer) automorphism n of F which simply
permutes the subscripts. Thus,
1
In this way, if N is a.permutation group on A= {1, 2,..., n},
then we may embed N in Aut(F), and so form the semi-direct
product
F: N = 2*": N = \na> | where n is an element of N and wis a word of
the .
The product of two elements in 2*n: N given by
(JU.7ZU - OTTlFv ,
where cr,7reN, u and v are words in the ti, and the word u^ u 
is put into canonical form by canceling any adjacent
repetitions of the same ti. When N is a transitive subgroup 
of the symmetric group Sn, P = 2*n : N is called a 
progenitor and N a control subgroup and the n involution ti
the symmetric generators (see Curtis[4]).
Any homomorphic image of P is obtained by mapping
certain relators of the form xa> to the identity, and so the
general image of P takes the form
2*" :N
G =---------------- .
y TV2 5 • • •
2
In other words we factor out the smallest normal subgroup
of P containing the set {nxmx,n2a>2,.. } . If the symmetric
generators generate G, we say that G is a symmetrically 
generated group. In the cases that interest us the image of
N will be isomorphic to N and the images of the ti will have
order 2 and be distinct.
Double coset decomposition:
Let G be a group defined by
2n :N
G =---------------- .
TCj j • • ■
The coset stabilizing subgroup, zV('a), of N is given by,
= {# e N: Non = N®},
for a> a word in the symmetric generators.
Clearly N® < , and the number of cosets in the
double coset [a>] = N<z>N is given by | N | / | 7V(<a) | , since 
N <y#[ N <y#2 <=> N ty#,#,"1 N co
o 7V(£U)
« #, #2
In order to obtain the index of N in G we shall perform a
manual double coset enumeration of G over N; thus we must
3
find all double cosets [a ] and work out how many single
cosets each of them contains. We shall know that we have
completed the double coset enumeration when the set of
right cosets obtained is closed under right multiplication.
Moreover, the completion test above is best performed by
obtaining the orbits of N1'01'’ on the symmetric generators. We 
need only identify, for each [a ] , ,the double coset to which
N&>ti belongs for one symmetric generator t± from each
orbit.
We wish to decompose G into double cosets of the form
NxN; that is to say we wish to find a set {xi, x2,... } of
elements of G such that
G = NxiNUNx2NU...
But for each i we have x± = 7zla>i for some x, e N and some word
<d(. in the ti, and so the double coset decomposition
simplifies to
G y= NUN<y2NUN<y3NU ...,
where is chosen to be the identity. When the set of
relations by which we are factoring is empty this gives the
double coset decomposition of the progenitor P, and we see
that the double cosets simply correspond to the orbits of N
on the ordered k-tuples of letters of A which have no
4
adjacent repetitions, where k e N = {0, 1, 2, ...}. We
usually denote the symmetric generators to, tx, t2, ... by
their indices 0, 1, 2,...
In this thesis we use the technique of double coset 
enumeration to compute various homomorphics images of 2*7: 
L3(2) factored by suitable relations.
Symmetric Generation of a Group
Now symmetric presentation for 2*7: L3(2) are given by 
2*7: L3(2) = < x,y,t| x7 = y2 = (xy)3 = [x,y]4 *= 1 = t2
[xy, tx ] = [y, tx ] > where L3(2) = <x,y>, and x
(0,1,2,3,4,5,6), y~ (2,6) (4,5). We show that
2‘7 :Z3(2)(1) G =
[(O123456)/0]6,[(26)(45)/0/2p
= S7 (see chapter 2)
2*7: L (2)(2) G =----—---- r = S8 (see chapter 3) .
[(0123456)r0]8
(3) G = 2Z:4G)
[(0123456XJ6
s 3’S7 (see chapter 4^
2‘7 :Z3(2)(4) G =---------------------- ----------- =- = 2‘ 2‘ 2 : L3(2) (see chapter 5[(0123456X,]7 F
The main result of the project is to represent every
element of J3: 2, the automorphism group of the Janko
sporadic group J3, as a permutation of L2(16):4 on 120
letters followed by a word, in the ti, of length at most 3.
5
In order to achieve this, we factor the progenitor 2*120:
L2 (16) : 4 = < x,y,z x 17 = y8 = (xy) *x 2 = z2 = yz*y~5 = (x*y*z)
= (x*z)17 = 1> by the relation (xJ*yb*z*t)5 = 1.
Where x " ( 2, 3, 5, 11, 12, 27, 25, 24, 10, 7, 18, 38, 41,
20, 21, 8, 4) (6, 14, 28, 54 , 64 , 100, 56 5 5, 2 9, 23, 9,
22, 43, 78, 72, 36, 16) ( 13, 19, 40, 74, 37, 32, 62, 108,
84, 47, 45, 66, 34, 17, 15, 33, 30) (26, 50, 88, 97, 73, 99,
119 , 11 4, 1 18, 1.20, 102, 70 , 98 , 113, 77 , 4 2, 52)(31, 58,
96, 53, 68, 111, 110, 94 , 1 17, 109, 65, 76, 115 , 83, 46,
82, 60) (35, 67, 81, 44, 80, 63, 107, 87, 49 , 86 , 93, 92,
51, 91, 89, 61, 69) (39, 48, 85, 71; 112, 10 3, 5 7, 101, 116,
95, 90, 106 , 59, 105, 10 4, 79, 75) ,
y (3, 5, 12, 1■0, 4, 8, 20 , 7) (6, 15, 2 8, 19, 9, 13, 29,
17) (11, 25, 41, 24, 21, 38, 27, 18)(14, 30, 56, 47, 23, 33,
64, 32) (16, 34, 36, 45, 22, 40, 43, 37) ( 26, 51, 76, 39, 42,
49, 53, 48) (31, 59, 99, 63, 46, 57, 102, 61 ) (35 , 68, 71,
73, 44, 65, 79, 70) (50, 89, 82, 116, 77, 10 7, 6 0, 90)(52,
93, 94, 95) (54, 74, 72, 84, 55, 66, 78, 62) (58, 104, 120,
91, 83, 112 , H9 87) (67 , 1 10, 101, 98, 81, 117 , 106,
97) (69, 96, 75, 113, 80, 11 5, 8 5, 88) (86 , 1 11, 103, 118,
92, 109 , io 5, 11 4) (100, 108 ) ,
z ~ (1, 2) ( 3, 6) (4, 9) (5 , 1 3) (7 , 19) (8, 15) (10, 17)(11,
26) (12, 28) (14, 31) (16, 35) (18, 39) (20, 29) (21, 42) (22,
44) (23, 46) (24, 48) (25, 49) (27, 53) (30, 57) (32, 63)(33,
59) (34, 65) (36, 71) (37, 73) (38, 51) (40, 68) (41, 76) (43,
79) (45, 70) (47, 61)(50, 77) (52, 94)(54, 97) (55, 98)(56,
99) (60, 82) (62, 101) (64, 10,2) (6 6, 67)(69 , 1 09) ( 72, 110) (74,
81) (75, 114) (78, 117) (80, 111) (84, 106) (85, 118) (86, 
88) (87, 91) (92, 113) (93, 95) (96, 103) (100, 108) (104, 
112) (105, 115) .
and obtain
G = 2*120: L2(16):4[(xyzjtp = J3: 2 (see chapter 6) .
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CHAPTER TWO
SYMMETRIC GENERATION OF S7
Symmetric Presentation
Symmetric presentations for 2*7: L3(2) are given by
< x,y,t|x7 = y2 = (xy)3 = [x,y]4= 1 = t2 = [xy, / ] = [y, / ] > 
where L3(2) = <x,y>, and x ~ (0,1,2,3,4,5,6), y ~
(2,6) (4,5). We factor by the relation.




Let N =  L3(2) . Now N is transitive on the set of symmetric
generators a> = {0,1,..,6}. The double coset NtiN contains 7
single cosets, since
Nt0N = {Nton | n e N} = {Nnn-1ton | n e N}
= {Nnton 1I n e N} = {Nton | n e N]
= {Ntn(0) I n e N} = {Nt0, Nti, Nt2, Nt3, Nt4, Nt5, Ntg}
Now N° = ( (1, 2, 3, 4, 5, 6,- 7), (2, 6) (4, 5) )
is transitive on {1, 2,3, 4,5, 6}, and its orbits on a> are
{0}, {1,2,3,4,5,6}.
The relation [7tt0] 6 = 1, where n = (0 12345 6) gives
7
n to n to n to n to n to n to = n6 n 5 to n5 n-4 to n4 n 3 to n3 
n-2 t0 n2 n_1 to n t0
=> [ (0 1 2 3 4 5 6) t0] 6 = [n t0] 6 = n6t5 t4 t3 t2 tl to
Similarly, [ (1 2 4) (3 6 5) tj 6 = t4 t2 ti t4 t2 tl ,
[(2 6) (4 5) t2] 12 = t6 t2 t6 t2 t6 t2 t6 t2 t6 t2 t6 t2,
[ (1 3) (2 4 6 5) tj 6 = (2 6) (4 5) t3 tx t3 ti t3 tl,
[ (2 6) (4 5) to t2] 4 = t0 t6 t0 t2 t0 t6 t0 t:2
Now t4 t2 ti t4 t2 ti = e, so we have Nt4 t2 tl t4 t2 tl =
Nt4 t2 ti t4 t2 ti(1340652) = N(1340652)
=> N (1 340652) t4 t2 ti t4 t2 ti(1340652) = N
=> N t o ti t3 t0 ti t3 = N, => t3 ti ~ t0 ti t3 to
=> to tl ~ t3 ti to .t3
(2 6) ( 4 5)t3 ti t3 ti t3 ti = e, so we have
(2 6) ( 4 5) = t3 ti t3 ti t3 ti => N t3 ti t3 tl t3 tl = N
=> ti t3 ~ t3 ti t3 ti
and N(2 6) (4 5) (1 0 3> <2 4 5) = t3 tx t3 tl t3 t?1 0 3> <2 4 51 
(conjugate with elements of N)
=> (2 5) (4 6) = ti t0 ti t0 ti t0
(since (2 6) (4 5) (1 0 3)(2 4 5) = (2 5) (4 6))
=5 N ti t0 ti t0 ti t0 = N, => ti t0 ~ t0 ti t0 ti,
=> tl to tl to ~ to tl
and (2 6) (4 5) (1 3 °> <2 5 4> = t3 tx t3 ti t3 t?1 3 01 (2 5 4) 
=> (2 4) (5 6) = t0 t3 t0 t3 t0 t3
8
(2 4) (5 6)][since (2 6) (4 5) (1 3 °> <2 5 4) =
=> N t0 t3 t0 t3 t0 t3 = N, => t0 t3 t0 t3 - t3 t0
=> to t3 ~ t3 to t3 to
We also use t0 t6 t0 t2 t0 t6 t0 t2 = e to compute the
following:
N(2 5) (4 6) to ti. to ti to ti = N(2 6) (4 5)tx t3 ti t3 ti t3
=>-7171 7 1 -131313, 7171 -13131317,
=>17-1313 13 17, => 1 7 -13137131
(since (2 5)(4 6)7 1 7 - 1 7 1 ; 1 7 1 1 - 1 7 ;
and 1317 1317 is identity : 1317=7131)
=> 1 3 3 7 -1313713 1, 1 3 - 13 13 7 13 17 3
[since 1 3 1 3 713173-1 (2 6) (4 5)131 713173
=>1 313713173 - (2 6) (4 5) 1(2 6) (4 5)1 3 1 7 1 3 1 7
3,
=>1313713173-3171317 3]
=> 1 3 - 3 17 13 17 3
[Since 3 1 7 1 3 1 7 .3 - 3 (2 5) (4 6) 7 1 7 3 1 7 3
=> 3 1 7 1 3173-37173173]
=> 1 3 - 3 7 1 7 3 1 7 3 => 13-37 3 7 7 3
B 13 - 3 7
Similarly,
N(2 4) (5 6) t3 t7 t3 t7 t3 t7 = N(2 6) (4 5)tx t3 tx t3 ti t3
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=>373737-131313=53737 13131373
=5 7 3 - 1 3 1 3 1 3 7 3; 73-13173133
[since 3737 - 73, and 3137 = 7313]
=>7-1317313=571- 13 1 7 3 13 1
(since 13 = 3131 and 131 - 313)
7 1 - 3 1 3 7 3 3 1 3, 7 1 - 3 1 3 7 1 3,
=>71-37 3 3 (since 1371 = 73).
Thus,
71-37-13.
[(0 1 2 3 4 5 6) t0] 6 := (065 4 3 2 1) t5 t4 t3 t2 ti t0 = e
=> N(0 6 5 4 3 2 1) ts t4 t3 - N t0 ti t2
=5 t5 t4 t3 - t0 ti t2 or 5 4 3 -712
[(0654321) ts t4 . t3] (13 4 0 6 5 2, = [tQ ti t2] (1 3 4 0 6 5 2)
N t5 t4 t3 (1 3 4 0 6 5 2) _ N [t0 ti t2] (1 3 4 0 6 ;> 21 r
N (1 3 4 0 6 5 2) t2 t0 14 = N t6 t3 ti
=>274-631 since 46 - 34 - 63 =5 2 7 4 *xz 6 1
Similarly,
[(0654321) ts . t4 t3] (14 6 2 3 0 5) = [to ti t2] (i 4 6 2 3 0 5)
=>167-543 since ti t6 to ~ t5 t4 t3
[(0 6 5 4 3 2 1) t5 t4 t3]. (10 2 4 5 3 6) = [to ti t2] (i 0 2 4 5 3 6)
=>356-543 since t3 t5 t6 ~ ts t4 t3
[(0654321) ts t4 t3] (16 3 5 4 2 0) = [to ti t2] (i 6 3 5 4 2 0)
=>425-167 since t4 t2 t5 ~ ti tg to
10




The set of all double cosets [ a> ] = N<yN, coset stabilizing 
subgroups Nt<y', and the number of single cosets in each 
double coset are displayed below.
Table 2.1. The Double Coset N<yN = [ a> ] ,
where N = L3(2), a = {0,1,2,3,4,5,61




in [ a> ]
[*] N is transitive on co = { 0,1,2,3,4,5, 6} 1
[0] N<°> = N° s <(1,2,3,6) (4,5), (2,6) (4,5),
(1,3) (4,5), (1,5) (3,4), (2,4) (5,6)>,
|N(0) | = 24,
N(0) has orbits {0} and {1,2,3,4,5,61 on a
7
[01] N01 =■ <(2,6) (4,5), (2,4) (5, 6) >.
Now 13~3 7~71=> N(01) = <N01,
(1,3,7) (4,5,6) , (1,3,7) (2,6,5) ,
(1,3,7) (2,4,6) , (1,3,7) (2,5,4) ,
(1,7,3) (2,4,5) , (1,7,3) (2,6,4) ,
(1,7,3) (4,-6,5), (1,7,3) (2,5, 6)>
Now |N(01) | = 12 and N(01) has orbits 
{0,1,3} and {2,4,5,6}
14
[012] N012 = <e>. But 543-712-274-4 
61-167-356-14 5.
Thus N(012) = <(1,6,3,5,4,2,7) ,





Now |N(012) | = 21 and N(012) is transitive on 
co
It is readily verified that
S7 = <(1 4) (2 3 .5) (6 7) , (4 5 6) , (1 2) (3 6) (4 7)> =
<totit213t41st6 , to> = G
Figure 2.1. Cayley Graph of S7 over L3(2)
From the above graph, we compute to, tlz t2, t3, t4, t5, and
t6:
t0: (* 0) (1 31) (6 60) (2 20) (5 45) (3 01) (21 254) (56 251) (4
05)(16 053)(32 051)(12 453)(34 654)(43 153)(23 653)
tx: (* 1) (0 01) (6 56) (2 21) (31 3) (60 653) (5 16) (20 645) (4
12) (45 153) (32 251) (254 43) (05 051) (34 053) (23 453)
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t2: (* 2) (0 60) (1 12) (6 20) (31 153) (5 23) (3 32) (21 4) (01
053) (56 051) (45 645) (16 254) (251 05) (34 453) (43 653)
t3: (* 3) (0 31) (1 01) (6 34) (2 23) (60 254) (5 32) (20 251) (21
051) (56 153) (4 43) (45 453) (16 653) (12 654) (05 053)
t4: (* 4) (0 45) (1 21) (6 43) (2 12) (31 653) (60 051) (5 05) (3
34) (20 053) (01 251) (56 453) (16 654) (32 254) (23 153)
t5: (* 5) (0 05) (1 56) (6 16) (2 32) (31 654) (60 453) (3 23) (20
153) (21 053) (01 254) (4 45) (12 653) (251 43) (34 051)
t6: (* 6) (0 20) (1 16) (2 60) (31 051) (5 56) (3 43) (21 153) (01













The Identification of Cosets Labeling
Single
coset
[*] 11 E 2, 1 ]
[ 7 ] 12 E 7, 1 ]
[ 1 ] 13 E 5, 6 ]
[ 6 ] 14 E 4 |]
t 2 ]• 15 E 4, 5 ]
[ 3, 1 ] 16 E 1, 6 ]
[6,7] 17 E 3, 2 ]
[ 5 ] 18 E 2, 5, 4
[ 3 ] 19 E 1, 2 ]
[2,7] 20 E 2, 5, 1
13
21 [ 7, 5 ] 26 [ 2, 3 ]
22 [ 3, 4 ] 27 [ 4, 5, 3 ]
23 [ 7, 5, 3 ] 28 [ 6, 5, 3 ]
24 [ 4, 3 ] 29 [ 6, 5, 4 ]
25 [ 7, 5, 1 ] 30 [ 1, 5, 3
Define (ti) :
(t0) :
(1, 2) ( 3, 6) (4, 7) (5, 1 0) (8, 15 ) (9, 12) (:n, 18) (13, 20) (14,
21) (16, 23)(17, 25)(19, 27)(22, 29) (24, 30) (26, 28)
(ti) :
(1, 3) ( 2, 12) (4 , 13)(5, ID (6, 9) (7 , 28) (8, 16) (10, 29) (14,
19)(15, 30)(17, 20)(18, 24)(21, 25) (22, 23) (26, 27)
(t2) :
(1, 5) ( 2, 7) (3, 19) (4, 10) (6, 3 0) (8 , 26) (9, 17) (11, 14) (12,
23)(13, 25) (15, 29) (16, 18)(20, 21) (22, 27) (24, 28)
(t3) :
(1, 9) ( 2, 6) (3, 12)(4, 22)(5, 2 6) (7 , 18) (8, 17) (10, 20) (11,
25)(13, 30) (14, 24)(15, 27)(16, 28) (19, 29) (21, 23)
(t4)
(1, 14) (2, 15) ( 3, 11) (4 , 24)(5, 19) (6, 2 8) ( 7, 2 5) (8, 21 ) (9,
22)(10, 23) (12, 20)(13, 27)(16, 29) (17, 18) (26, 30)
(t5) :
14
(1, 8) (2, 21) (3, 13) (4, 16) (5, 17) (6, 29) (7, 27) (9, 26) (10,
30)(11, 23)(12, 18)(14, 15)(19, 28)(20, 24)(22, 25)
(t6) :
(1, 4) (2, 10) (3, 16) (5, 7) (6, 25) (8, 13) (9, 24) (11, 30) (12,
27) (14, 22) (15, 18) (17, 2.9) (19, 20) (21, 28) (23, 26)
The group is defined by the symmetric presentation. It
index is at most:
m itvi |Af|
|JV| |AT(0)| |tV(0I)| |/V(012)|
1+7+ 14 +8= 30
(According to the S7 graph)
The index of N in G has most 30. => the order of G is at
most 30|N[ = 30 x 168 = 5040. (At this point G has order at
most |L3(2) | (1 + 7 + 14 + 8) = 168x30 = 5040. Since |L3(2) | is
168)
Thus, the order of G is most at 5040.
Since the group S7 is generated by x, y, and t
=> S7 is an image of G.
=> |G| > | S71 => |G| > 5040
=> 5040 < |G| < 5040 =5 |G| = 5040
=> G = S7
15
CHAPTER THREE
SYMMETRIC GENERATION OF S8 .
Symmetric Presentation
Symmetric presentations 2*7: L3(2) are given by
< x,y,t| x7 = y2 = (xy)3 = [x,y]4 = 1 = t2 = [xy, / ] = [y, / ] 
>, where L3(2) = <x,y>, and the action of N on the
symmetric generators is given by x~ (0,1,2,3, 4,5, 6) ,
y~(2,6) (4,5) .
[(012345
We factor G by using this relation 
6) t0] 8 to obtain 
2‘7:ZJ2)
G =---------= S8 (see [4]).
[(O123456)/0]8
. Now N is transitive on the symmetric
= {0,1,..,6}. The double coset NtiN contains 7 
. Now N° = ( (1,2,3,4,5,6,7), (2,6) (4,5) }
on {1,2.3,4.5.61. and its orbits on co are





The relation [7tt0] 8 = 1, where n = (0 12345 6) gives 
n t0 n t0 n t0 n t0 n t0 n t0 n t0 n t0= n8 n"7 t0 n7 n-5 t0 n6 n'
5 t0 n5 n-4 t0 n4 n“3 t0 n3 n-2 t0 n2 n_1 t0 n t0
=> [ (0 1 2 3 4 5 6) t0] 8 = [n t0] 8 = n t0 t6 t5 t4 t3 t2 tx' t0
We also use other relations,
16
[ (1 2 4) (3 5 6) ti]12 = t4 t2 ti t4 t2 ti t4 t2 ti t4 t2 ti
[ (1 2 4) (3 5 6) t3]12 = t5 t6 t3 t5 t6 t3 ts t6 t3 t5 t6 t3
[ (2 6) (4 5) t2]6 = t6 t2 t6 t2 t6 t2
[(1 3) (2 4 6 5) td12 = t3 ti t3ti t3 ty t3 ti t3 ti t3 ti
[ (1 3) (2 4 6 5) t2]10 = (2 6) (4 5) t5 t6 t4 t2 ts t6 t4 t2 ts tg
t4 t2
[ (2 6) (4 5) t0 t2]4 = to t6 to t2 to t6 to t2
[ (2 6) (4 5) ti t2]4 = ti t6 tl t2 tl t6 tl t2
Since 525252 is identity (e) ,
by using relation, [t6 t2 t6 t2 t6 t2] conjugates to element,
n, in N.
e = 525252 = 52775252 = 52T52572 =5271152572 = 5271525172
= 521171525172 = 521517125172 = 521571725172
= 52175751725172 = 5212275751725172
= 5212757251725172 = (12)(57)(12)(57) 5212757251725172
= (12) (57)712157 (12) (57) 7251725172 = (12)(57)712157 e
=> e = (12)(57)712157 => 751= (12)(57)712
For e =' (12) (57)712157
=> e (512) (346) = (12 ) (5?) 712157 t512> G46)
=> e = (25) (17) 725217 => 712 = (25) (17) 725
Thus,
751 ~ 712 ~ 7-25
Since e = 717171 => 717 = 171
17
e = 646464 and e = 141414 => e = 646461414144
= 6464141641 = 6464141767676641 = 64641476716741
= 6464171167416741= 6461714167416741
= 646171 (17)(46)(17)(46) 4167416741
= (17) (46) 464717 (17) (46) 4167416741
Since (26)(45) 4256425642 = e
=> (26) (45) 4256425642(12) (3567) = (17) (46) 4167416741 = e
=5 e = (17) (46) 464717 =5 717 = (17) (46) 464
For e = 212121 => e = 25512121 = 25121521 = 251217575721
Since 757575 = e => 75757 = 5
=> e = 251275715721 = 251757215721 = 2521121757215721
= 2521712157215721 = 252171 (17)(25)(17)(25) 2157215721
= (17) (25) 525717 (17) (25) 2157215721
Since (26)(45) 4256425642 = e
=> (26) (45 ) 4 2 5 6 4 2 5 6 4 2(142) (3S7) = (17) (25) 2157215721 = e 
=> e = (17)(25) 525717 => 717 = (17)(25) 525
Since 717 = (17)(46) 464 and 646464 = e
=> 64 6 = 464
=> 717 = (17)(46) 646
Since 717 = (17)(25) 525 and 525252 = e
=> 525 = 252
=> 717 = (17) (25) 252
18
Thus,
717 ~ 171 ~ 464 ~ 525 ~ 646 ~ 252
Since 131 = (13)(26) 262
=> 131C37) (246) = (13) (26) 262 (137) (246)
=5 373 = (37) (24) 424
=> e = (24) (37) 373424 = (24) (37) 374243
= (24) (37) 37664243 = (24) (37) 37642463
= (24)(37) 3667642463 = (24)(37) 3646762463
= (13) (26) (173) (264) 3646762463
= (13) (26) 7262124627 (173) (264) = e
=> (137) (246) 726421 = (13) (26) 7262 = 7131
(by solving relation)
=> 7132 = (137) (246) 7264
Since e = 54744745, => e = 54745474 = 54745232232474
= 54742325423274 = 5472324547232554 = 542327454752327754
= 523247454757232754
[ Since 7131 = (13)(45) 7454
=> 7131 (12>(57> = (13) (45) 7454 (12) (57)
=5 5232 = (23) (47) 5474 => (23) (47) = 52324745]
=t> e = (23) (47) 4757232754
=> e = (13) (45) (123) (457) 4757232754
=> (13) (24)7545 (123) (457) = 457232
=> (13) (24)7545 = (132) (475) 745121
19
Since 7131 = (13) (45) 7545 =P 7131 = (132) (475) 745121
=> 7132 = (132) (475) 7451
We have 725 = 725 and (7361425) 725 = (7361425) 725
=> (7361425) 725 = (3657) (14) (15) (27) 725 = (3657) (14) 751 
/
Since (1257) (34) 753 (13>(26) = (3657) (14) 751
and (7361425) 725 = (7123456) 765 N3) (26)
So (1257) (34) 753 NA? <26> - (7123456) 765 (13> (26)
=> (1257)(34) 753 = (7123456) 765
=> (1257) (34) 7534 = (7123456) 7654
Since 7123 = (7123456) 7654 (by relation),
=>(1257)(34) 7534 = 7123; (1257)(34) 7534 = 7123
=> (1257 ) (34 ) 7534 (165) (243) = 7123(165) (243)
=> (1764) (23) 7123 = 7642 => 7123 = (1764) (23) 7642
Thus,
7123 ~ 7534 -7642; 7132 - 7264 - 7451
e = 121212 = 16621212 = 162l2_612 = 1621233612 = 1632123612
= 162323123612 = 16266323123612 = 62613236123612
= 6261311236123612 = 6263131236123612
= (13)(26)(13)(26) 6263131236123612
= (13)(26) 262131 (13)(26) 1236123612
Since (26) (45) 4256425642 = e = (26) (45) 4256425642(14) (35)
= (13)(26) 1236123612 => e = (13)(26) 262131
7 = 7 => 7 = 7 (13) (26) 262131
20
=5 7 = (13) (26) 7262131 => 7131 = (13) (26) 7262
Since 313 = 131 => 7131 = 7313
Since 626 = 262, =R 7131 = (13) (26) 7626
Since 7i3i<24><56) = (13) (26) 7262(24)(55)
=> 7131 = (13)(45) 7454
Since 454 = 545, => 7131 = (13)(45) 7545
Thus,
7131 ~ 7313 ~ 7262 - 7626 ~ 7454 ~ 7545
Since e = 373732 => e = 37373117 = 37137313 = 3712237317
= 3712373217 = 3 (1234567) 765473217
[Since e = (1234567) 76543217 (1234567) 7654 = 7123]
=S 71237 = (1234567) 47654
Since e = 373737 => e = 37373667 = 37637367 = 3763731167
= 376137366167 = 376137367616 = 3761372332367616
= 3761372363237616 = 3761372367323616
= 376137236755232161 = 376137236752325161
= 376137236752321615 = (16)(23)(16)(23) 376137236752321615
= (16) (23) 2716273217 (16) (23) 52321615
[Since 7131 = (13)(26) 7262
=> 7i3i(36)(57) = (13) (26) 7262 (36) <57)
=> 5161 = (16) (23) 5232 => e = (16) (23) 52321615]
=> e = (16)(23) 2716273217 e
21
=5 71237 = (16) (23) 27162
Since e = 313131171717
=> e = 313132271717 = 3515153132717217
= 3515152313717217 = 3515152317173217 = 3512515317173217
= 3512351517173217 = 35123157173217 = 35123153717217
= 3512315321 = 35123153217117 = 35123153171217
= 35123151713217 = 351235661511713217
= 35123561513367173217 = 35123563151367173217 = e
=> 71237 = 351235631513671 = (12)(36) 13671
[Since 71237 = (16) (23) 27162
=> 71237 (236> (475> = (16) (23) 27162 (236) (475)
51365 = (12)(36) 35123 => (12)(36) = 3512356351]
=> 71237 = (12)(36) 13671
Since e = 72121217 => e = 7244121217 = 227241214217
= 242721214217 = 241272214217 = 24127377314217
= 24173727314217 = 24737127314217 = 22374127314217
= 276336374127314217 = 276373634123637314217
= 276374123637314217 = 276374123613734217
= 276374123614373217 = (124) (376) 3614373217
[Since 7132 = (132) (475) 7451
=> 7132 (17236545 = (132) (475) 7451 (1723654>
2763 = (124) (376)2147 => (124) (376) = 27637412 ]
22
=> 71237 = (124) (376) 36143
Since e = 767767353535 => e = 767376753535 = 767357673535
= 767353767535 = 376753767535 = 3767513131767535
= 3767131531767535 = 3761317531765357
=> 753567 = 3761317531
[Since 751 = (15) (27) 725
=> 751<13>(26) = (15) (27) 725<13><26)
=5 753 = (35) (67)765 => (35) (67) = 753567 ]
=5 (35)(67) = 3761317531
=> (167) (235) (16) (23) = 3761317531
(167)(235) = (16)(23) 2716267526
(167)(235) 62576 = (16)(23) 27162
Since 71237 = (16)(23) 27162
=> (167) (235) 62576 = (16) (23) 27162
=> e = (167) (235) 6257673217 => 71237 = (167) (235) 62576
Since e = 37J3737 => e = 37223737 = 372373121217
= 372371213217 = 3723121715513217 = 3723125171513217
= 3723125175153217 = 3723125151573217 = 3723151521573217
= 37216556513521573217 = 37216515653521573217
= 7737216513565521573217= 72173765135621573217
= 72167375135621573217 = (165)(237) 5621573217 = e
[Since 71237 = (167) (235) 62576
=> 71237(12) (36) = (167) (235) 62576(12) (36)
23
=> 72167 = (165) (237)31573 => (165) (237) = 7216737513]
=> 71237 = (165) (237) 56215
Thus,
71237 = (1234567) 47654- = (16) (23) 27162
= (124) (376) 36143 = (167) (235) 62576 = (165) (237) 56215
= (12)(36) 13671
=> 71237 - 47654 - 27162 ~ 36143 ~ 62576 ~ 56215 ~ 13671
























The Identification of Cosets Labeling
Single
coset
] 21 [ 6, 1 ]
7 ] 22 [ 2, 5,
1 ] 23 [ 7, 2 ]
6 ] 24 [ 6, 7,
2 ] 25 [ 6, 5 ]
1, 7 ] 26 [ 1, 2 ]
6, 7 ] 27 [ 7, 1,
5 ] 28 [ •4, 2 ]
3 ] 29 [ 5, 6,
2, 7 ] 30 [ 4, 5 ]
2, 1 ] 31 [ 4, 7 ]
7, 6 ] 32 [ 4, 6 ]
7, 1 ] 33 [ 4, 1 ]
5, 6 ] 34 [ 2, 6 ]
4 ] 35 [ 3, 1,
5, 7 ] 36 [ 1, 6,
3, 7 ] 37 [ 7, 5 ]
3, 1 ] 38 [ 4, 3 ]
1, 6 ] 39 [ 3, 6 ]





























[ 2, 7, 2 ]
[2.4.2]
[ 2, 4 ]
[6,3,5]
[5.4]
[ 2, 3 ]
[ 1, 2, 7 ]
[ 1, 2, 1 ]
[5.3]
[ 4, 2, 7 ]
[ 6, 7, 1 ]
[ 4, 5, 6 ]
[ 4, 5, 7 ]
[3.4]
[ 5, 1 ]
[5.2]
[ 4, 6, 7 ]
[ 3, 5 ]

























2, 6, 7 ]
1, 5 ]
4, 2, 1 ]
2, 7, 6 ]
2, 7, 1 ]
7, 5, 6 ]
7, 4 ]
6, 4 ]
4, 2, 3 ]
3,5,6]
2, 5 ]
4, 5, 3 ]
2, 3, 1 ]
7, 5, 2 ]
5, 3, 7 ]
3,1,2]
3, 4, 5, 6 ]
1, 5, 7 ]
1, 4 ]
7, 5, 3 ]
1, 3, 7 ]

























[ 2, 3, 2 ]
[7,3]
[2.3.4]
[ 7, 4, 6 ]
[5.2.4]
[5.4.7]
[ 6, 3 ]
[ 2, 7, 4 ]
[ 7, 1, 6 ]
[ 5, 3, 1 ]
[7,1,2]
[ 5, 6, 4 ]
[ 4, 2, 7, 1 ]
[ 3, 4, 5 ]
[ 5, 6, 1 ]
[ 3, 4, 6 ]
[ 3, 7, 2 ]
[5.1.7]
[ 5, 2, 7 ]
[3.6.5]
[ 6, 2, 7 ]

























5, 3, 2 ]
4, 2,5,1]
6, 7, 2 ]
6, 7, 6, 2 ]
1, 6, 5 ]
7, 4, 2 ]
2, 1, 4, 2 ]
6, 4, 5 ]
5, 3, 4 ]
2, 4, 5 ]
4, 5,3,7]
6, 3, 1 ]
2, 5,'4, 3 ]
1,6,3]
3, 4, 6, 3 ]
4, 6, 5 ]
3, 1, 2, 7 ]
2, 3, 4, 5 ]
2, 6, 1 ]
7, 4, 3 ]
1, 2, 4, 1 ]
6, 4, 2 ]






























































































4, 1, 2 ]
7, 1, 7, 3 ]
1, 4, 2 ]
1, 5, 3, 6 ]
7, 4, 5 ]
6, 4, 3 ]
5, 3,4,2]
5, 3, 6, 2 ]
7, 1, 3. ]
2, 7, 2, 6 ]
2, 4,2,1]
1, 2, 4 ]
1, 6,3,5]
7,5,4]
1, 5, 3 ]
5, 6, 1, 5 ]
3, 1, 7, 3 ]
6, 3, 1, 4 ]
5, 3, 7, 2 ]
2, 6, 4, 7 ]
3, 4,2,6]
6, 4, 5, 3 ]






























































































3, 1, 5, 7 ]
6, 5, 4, 1 ]
4, 3, 2, 6 ]
7, 5, 4, 7 ]
6, 7, 1, 2 ]
6, 7, 5, 2 ]
4, 6, 3 ]
6, 3, 4 ]
2, 7, 4, 6 ]
2, 3, 1, 5 ]
4, 7, 5 ]




2, 3, 2, 5 ]
1, 7, 3 ]
7, 5, 2, 4 ]
1, 5,7,6]
2, 7, 6, 2 ]
3, 2, 4, 5 ]
7, 5, 6, 4 ]
7, 6, 5, 2 ]
29
225 [ 5, 2, 4, 3 ] 233 [ 1, 5, 2, 6, 1
226 [ 7, • 4, 6, 5 ] 234 [ 1, 3, 5, 7, 1
227 [ 7, 1, 2, 3 ] ' 235 [ 5, 6, 7, 1, 5
228 [ 1, 4, 7, 2 ] 236 [ 2, 4, 6, 1, 2
229 [ 7, 5, 1, 4 ] 237 [ 1, 3, 4, 7, 1
230 [ 5, 7, 4 ] 238 [ 7, 1, 2, 3, 7
231 [ 7, 1, 6, 3 ] 239 [ 1, 2, 3, 4, 1
232 ■[ 3„ 6, 4 ] 240 [ 3, 7, 4, 1, 3
Def.ine (ti) :
(t0)
(1, 2) ( 3, 6) (4, 7) (5, 1 0) (8 , 16 ) (9, 17) (11, 22) (12, 24) ( 13
27) (14, 29) (15, 31 ) (18, 35) (19, 36) ( 20, 40) (21, 41) (23,
45) (25, 48) (26, 51 ) (28, 54) (30, 57) ( 32, 61) (33, 63) (34,
65) (37, 52) (38, 73 ) (39, 74) (42, 81) ( 43, 83) (44, 85) (46,
88) (47, 89) (49, 92 ) (50, 94) (53, 79) ( 55, 72) (56, 99) (58,

















113)(69, 75)(70, 116)(71, 87)(76, 120)(77,
124) (80, 126) (84, 130) (86, 134) (90, 136) (91,
141)(95, 143)(96, 144)(97, 145)(98, 146)(100,
148) (102, 150) (108, 157) (109, 159) (110, 162) (112,
168) (115, 171) (117, 173) (118, 174) (119, 175) (121,
180) (125, 182) (127, 186) (128, 188) (129, 190) (131,
193) (133, 195) (135, 197) (138, 199) (139, 200) (140,
30
198) (142, 202) (149, 176) (151,. 210) (152, 203) (153, 211) (154,
172) (155, 163) (156, 204) (158, 179) (160, 181) (161, 206) (164,
191) (166, 218) (167, 187) (169, 205) (170, 220) (178,. 201) (183,
208) (184, 215) (185, 196) (189, 228) (194, 221) (207, 209) (212,
214) (213, 225) (216, 233) (217, 230) (219, 234) (222, 232) (223,
235) (224, 236) (226, 237) (227, 238) (229, 239) (231, 240)
(ti)
(1, 3) (2, 13) (4, 21) (5, 11)(6, 27) (7, 55) (8, 59) (9 18) (10,
69) (12, 90) (14, 101) (15, 33) (16, 105) (17, 108) (19, 87) (20,
42)(22, 75)(23, 78)(24, 83)(25, 139)(26, 52)(28, 67)(29,
146) (30, 138) (31, 61) (32, 63) (34, 128) (35, 157) (36,
143) (37, 97) (38, 76) (39, 80) (40, 178) (41, 72) (43, 136) (44,
86)(45, 66)(46, 166)(47, 132)(48, 173)(49, 118)(50, 77)(51,
145) (53, 96) (54, 99) (56, 111) (57, 182) (58, 142) (60,
104) (62, 100) (64, 152) (65, 175) (68, 210) (70, 216) (71,
95) (73, 183) (74, 222) (79, 225) (81, 201) (82, 124) (84,
229) (85, 191) (88, 154) (89, 211) (91, 174) (92, 137) (93,
121) (94, 184) (98, 148) (102, 202) (103, 150) (106, 176) (107,
192) (109, 171) (110, 163) (112, 207) (113, 186) (114, 190) (115,
223) (116, 158) (117, 200) (119, 188) (120, 208) (122, 215) (123,
181) (125, 199) (126, 232) (127, 151) (129, 224) (130, 167) (131,
















































45) (11, 52) (12, 194) (13, 97) (14, 91) (15, 28) (16,
103) (18, 80) (19, 135) (21, 121) (22, 124) (24,
117) (27, 75) (29, 163) (30, 125) (31, 73) (32,
156)(34, 86)(35, 202)(36, 159)(37, 78)(38, 54)(39,
58) (41, 185) (43, 228) (44, .123) (46, 47) (48,
98)(50, 87)(51, 66)(53, 110)(55, 206)(57, 199)(59,
198) (62, 149) (63, 120) (65, 195) (67, 214) (68.,
145)(70, 219)(71, 115)(72, 131)(74, 150)(76,
205) (79, 174) (81, 102) (83, 158) (84, 224) (85,
129)(89, 190)(90, 216)(92, 144)(93, 152)(94,





























































, 88) (3, 44) (4, 93) (5, 50) (6, 218) (7, 48) (8,
89) (11, 128) (12, 70) (13, 164) (14, 79) (15, 38) (16,
46) (18, 86) (19, 123) (20, 87) (21, 152) (22, 193) (23,
62) (25, 141) (26, 135) (27, 157) (28, 73) (30, 76) (31,
208) (33, 138) (34, 77) (35, 172) (36, 168) (37, 84) (39,
190) (41, 200) (42, 181) (43, 179) (45, 58) (47, 94) (49,
187)(55, 192)(56, 120)(57, 99)(59, 118)(60,
182) (63, 111) (64, 121) (65, '211) (66, 170) (67,
127) (69, 175) (71, 129) (72, 161) (74, 130) (75,
226) (80, 205) (81, 236) (82, 159) (83, 189) (85, •
219) (91, 225) (92, 146) (95, 231) (97, 227) (98,
, 221) (101, 174) (102, 124) (103, 171) (104, 148) (105,
, 116) (107, 173) (108, 191) (109, 220) (110, 217) (112,
, 151) (114, 180) (117, 177) (119, 184) (122, 153) (125,
, 239) (131, 206) (132, 188) (133, 223) (134, 154) (136,
, 203) (140, 214) (142, 195) (143, 201) (145, 232) (147,
, 237) (155, 162) (156, 198) (158, 228) (160,
, 230) (165, 209) (167, 197) (169, 229) (176, 234) (178,

















(1, 15) (2, 71) (3, 83) (4, . 72) (5, 47) (6, 36) (7, 41) (8, 49) (9,
58) (10, 94) (11, 186) (12, 95) (13, 90) (14, 98) (16, 230) (17,
40) (18, 100) (19, 43) (20, 103) (21, 55) (22, 122) (23, 129) (24,
33) (25, 131) (26, 167) (27, 32) (28, 46) (29, 148) (30, 86) (31,
87) (34, 119) (35, 81) (37, 169) (38, 45) (39, 232) (42, 147) (44,
170) (48, 185) (50, 89) (51, 197) (52, 214) (53, 118) (54,
171) (56, 172) (57, 181) (59, 96) (60, 91) (61, 136) (62,
142) (63, 143) (64, 117) (65, 188) (66, 189) (67, 116) (68,
184) (69, 210) (70, 223) (73, 190) (74, 126) (75, 153) (76,
221) (77, 127) (78, 219) (79, 162) (80, 222) (82, 168) (84,
227) (85, 180) (88, 115) (92, 217) (93, 209) (97, 229) (99,
233) (101, 146) (102, 157) (104, 163) (105,. 225) (106, 178) (107,
177) (108, 176) (109, 179) (110, 174) (111, 235) (112, 200) (113,
132) (114, 228) (120, 236) (121, 173) (123, 220) (124, 208) (125,
191) (128, 175) (130, 156) (133, 231) (134, 160) (135, 187) (137,
213) (138, 195) (139, 206) (140, 145) (141, 203) (144, 155) (149,
150) (151, 211) (152, 207) (154, 216) (158, 166) (159, 218) (161,
165) (164,■ 226) (182, 237) (183, 234) (192, 196) (193, 215) (194,
224) (198, 239) (199, 240) (201, 202) (204, 238) (205, 212)
(t5) :
(1, 8) (2, 37) (3, 66) (4, 25) (5, 75) (6, 51) (7, 141) (9,
62)(10, 22)(11, 69)(12, 84)(13, 78)(14, 46)(15, 30)(16,
34
52) (17, 74) (18, 142) (19, 114) (20, 201) (21, 196) (23, 97) (24,
53) (26, 82) (27, 60) (28, 56) (29, 116) (31, 212) (32,' 125) (33,
76) (34, 153) (35, 126) (36, 180) (38, 138) (39, 106) (40,
81) (41, 177) (42, 178) (43, 187) (44, 189) (45, 59) (47,
119) (48, 93) (49, 86) (50, 151) (54, 111) (55, 207) (57,
214) (58, 100) (61,. 183) (63, 204) (64, 131) (65, 122) (67,
99) (68, 193) (70, 88) (71, 160) (72, 117) (73, 198) (77,
211) (79, 130) (80, 202) (83, 170) (85, 197) (87, 217) (89,
127) (90, 226) (91, 191) (92, 205) (94, 188) (95, 224) (96,
195) (98, 172) (101, 171) (102, 176) (103, 222) (104, 145) (105,
124) (107, 203) (108, 150) (109, 166) (110, 143) (112, 206) (113,
215) (115, 216) (118, 221) (120, 156) (121, 185) (123, 168) (128,
210) (129, 231) (132, 184) (133, 229) (134, 169) (135, 228) (136,
213) (137, 234) (139, 165) (140, 199) (144, 239) (146, 235) (147,
232) (148, 233) (149, 157) (152, 192) (154, 223) (155, 190) (158,
159) (161, 200) (162, 236) (163, 240) (164, 219) (167, 220) (173,
209) (174, 238) (175, 186) (179, 218) (181, 230) (182, 208) (194,
227) (225, 237)
(t6) :
(1, 4) (2, 12) (3, 19) (5, 34) (6, 43) (7, 24) (8, 14) (9, 39) (10,
68) (11, 77)(13, 95) (15, 32) (16, 79) (17, 106) (18, 42) (20,
80) (21, 87) (22, 127) (23, 133) (25, 46) (26, 123) (27, 72) (28,
125) (29, 53) (30, 56) (31, 63) (33, 61) (35, 147) (36, 83) (37,
35
70) (38, 140) (40, 176) (41, 136) (44, 135) (45, 165) (47,
153) (48, 130) (49, 91) (50, 128) (51, 179) (52, 93) (54,
204) (55, 143) (57, 120) (58, 102) (59, 155) (60, 98) (62,
74) (64, 86) (65, 113) (66, 109) (67, 183) (69, 184) (71, 90) (73,
199)(75, 119)(76, 99)(78, 223)(81, 100)(82, 220)(84,
88) (85, 228) (89, 193) (92, 174) (94, 210) (96, 163) (97,
231) (101, 217) (103, 202) (104, 144) (105, 162) (107, 221) (108,
178) (110,. 146) (111, 212) (112, 195) (114, 166) (115, 226) (116,
141) (117, 172) (118, 137) (121, 181) (122, 186) (124, 209) (126,
149) (129, 229) (131, 191) (132, 211) (134, 194) (138, 198) (139,
190) (142, 150) (145, 161) (148, 213) (151, 188) (152, 205) (154,
224) (156, 182) (157, 232) (158, 180) (159, 170) (160, 216) (164,
227) (167, 168) (169, 219) (171, 196) (173, 236) (175, 215) (177,
233) (185, 237) (187, 218) (189, 197) (192, 238) (200, 239) (201,
222) (203, 234) (206, 240) (207, 235) (208, 214) (225, 230)
The group is defined by the symmetric presentation. It
index is at most:
1^1 m R1 [y| |JV| |jV| |2V| 1#1 |7V| |JY|
]jVj | | | yV(01) | | N(010) | |JV(012) | | N(013) | | yV(0103) | | W(0130) | | WC0I23) | | /V(01320) |
=1+7+42+7+56+42+7+14+56+7= 240
(According to the S8 graph)
36
The index of N in G has most 240. => Order of G is at most
240|N| = 240 x 168 = 40320. (At this point G has order at
most 40320. Since |N| is 168)
Thus, the order of G is most at 40320.
Since the group Sg is generated by x, y, and t
=> S8 is an image of G.
=> |G| > | S8 ] => |G| > 40320
=> 40320 < |G| < 40320 => |G| .= 40320
=> G = Sg
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CHAPTER FOUR
SYMMETRIC GENERATION OF 3*S7
Symmetric Presentation
The same symmetric presentations 2*7: L3(2) are given 
by < x,y,t| x7 = y2 = (xy)3 = [x, y]4 = 1 = t2 = [xy, tx* ] =
[y, f ] >r where L3(2) = <x,y>, and the action of N on the
symmetric generators is given by x~(0,1,2,3,4,5,6),




3’S7 (see [4] ) .
Let N = L3(2) . Now N is transitive on the set of symmetric
generators co = {0,1,.., 6}. The double coset NtxN contains 
7 single cosets. N° = ( (1,2,3,4,5,6,7), (2,6)(4,5) )
is transitive on {1,2,3,4,5,6}, and its orbits on (O are
{0}, {1,2,3,4,5,61.
The relation [7it0] 6 = 1, where n = (0 12345 6) gives, 
n to n t0 n t0 n to n t0 n t0 = n6 n'5 t0 n5 n-4 t0 n4 rT3 t0 n3 
n~2 to n2 n-1 to n to
=> [ (0 1 2 3 4 5 6) t0] 6 = [n t0] 6 = n6 t5 t4 t3 t2 ti t0 
= (1065432) t5 t4 t3 t2 t2 to
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Similarly, [(1 2 4) (3 6 5) tx] 6 = t4 t2 tx t4 t2 tx ,
[ (1 2 4) (3 6 5) t3] 10 = (1 2 4) (3 6 5) t3 t5 ts t3 t5 t6 t3
tg t 3
[ (2 6) (4 5) t2] 12 _ ts t2 tg t2 t6 t2 tg t2 tg t2 tg t2,
[ (1 3) (2 4 6 5) tj 6 = (2 6) (4 5) t3 ti t3 ti t3 tX,
[ (1 3) (2 4 6 5) t2] 12 = ts tg t4 t2 ts ts t4 t2 ts tg t4 t2,
E(2 6) (4 5) to 't2] 1 2 _ to tg to t2 to ts to t2 to tg to t2 to
to t2 to tg to t2 to tg to t2
Since e = (1765432) 543217 => 712 = (1765432) 543
712 (1573264) = (1765432) 543 (1573264) => 356 = (1265347) 712
=> 356 (1743562) = (1265347) 712 (1743562)
=> (1743562) 562 = 471
=> (1743562) 562 (1265347) = (1265347)
=> (1743562) 356 = 712
Since 712 = (1765432) 543 and 712 = (1743562) 356
=> (1765432) 543 = (1743562) 356
=> (1765432) 543 (1234567) = (1743562) 356 (1234567)
=> 654 = (36) (57) 467 => 654 (1367425) = (36) (57) 4g7 (1367425)
=> 712 = (14)(67) 274
Since 712 = (14)(67) 274 and 712 = (1765432) 543
=> (14)(67) 274 = (1765432) 543
=> (14)(67) 274 (14)(67) = (1765432) 543 (14)(67)
=> 261 = (165) (243) 513
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=> 261 (1273546) (165) (243) 513 (1273546)
=> 712 = (142) (576) 425
Since 712 = (14)(67) 274 and 712 = (142)(576) 425
=> (14)(67) 274 = (142)(576) 425
=> (14) (67) 274 (124) (567) = (142) (576) 425 (124) (567)
=> (24) (56) 451 = 146
=5 (24) (56) 451 (1743562) _ 14g (1743562)
=> (13) (26) 367 = 732 => (13) (26) 367 (13) (45) = 732 (13) (45)
=> (13) (26) 167 = 712
Since 712 = (1765432) 543 and 712 = (14)(67) 274
=5 (14)(67) 274 = (1765432) 543
=> (14)(67) 274 (14)(67) = (1765432) 543 (14)(67)
=> 261 = (165) (243) 513
=> 261 ( 156) (234) = (165) (243) 513 (156)(234)
=5 (156) (234) 315 = 654
=> (156) (234) 315 (1367425) = g54 (1367425)
=> (173) (256) 631 = 712
Thus,
712 = (1765432) 543 = (1743562) 356 = (14)(67) 274
= (142) (576) 425 = (13) (26) 167 = (173) (256) 631
=> 712 - 543 ~ 356 ~ 274 ~ 425 - 167 ~ 631
Since e = (26) (45) 313131 => e = (26) (45) 313131 (173) (245)
40
=> e (25) (46) 171717 => 717 = (25) (46) 171
Since 712 = (142) (576) 425 and 71 = (25) (46) 1717
=> (25) (46) 1717 = 71 = (142) (576) 4252
=> (25) (46) 1717 (25) (46) = (142) (576) 4252 (25) (46)
=> 1717 = 1 (162) (457) 525
Since 1 = 1 => 11717 = 11 (162) (574) 525
=> 717 = (162) (457) 525
Since e = (17)(46) 252525
=> 525 = (17) (46) 252 and 717 = (162) (457) 525
=> 717 = (162) (457) (17) (46) 252 = (145) (276) 252
Since 717 = (162) (457) 525
=> 717 (26)(45) = (16,2) (457) 525 (26) (45)
=> 717 = (126) (475) 464
Since 717 = (126)(475) 464 and e = (17)(25) 646464
=> 717 = (126) (475) '(17) (25) 646 => 717 = (154) (267)
Thus,
717 = (25) (46) 171 = (162) (457) 525 = (145) (276) 252
= (126) (475) 464 = (154) (267)' 646
=> 717 ~ 171 ~ 525 ~ 252 ~ 464 ~ 646
Since 717 = (126)(475) 464 and e = 643643
=> 7173 = (126) (475) 4643 and 643 = 346
646
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=> 7173 = (126) (475) 4346
Since e = 71733717 => 7173 = 7173
=> 7173 = 7371 [Since e = 371371]
Since 7173 = (126) (475) 4643
=> 7173 (13) (26) = (126) (475) 4643 (13) (26>
=P 7371 = (236) (475) 4241
7371 = (236) (475) 4142 [Since e = 421421]
Since 7173 = (126)(475) 4346
=> 7173 = (126) (475) (15) (27) 3436
[Since e = (15) (27) 343434]
=> 7173 = (17) (2654) 3436
=> 7173 = (17)(2654) 3634 [Since e = 346346]
Since 7173 = 7173
=> 7173 = (25)(46) 1713 [Since e = (25)(46)717171]
=> 7173 = (25) (46). 1317 [Since e = 317317]
=> 7173 = (25) (46) (26) (45) 3137 [Since e = (26) (45) 313131]
=> 7173 = .(24) (56) 3137
Since 7173 = (126) (475) 4346 and 7173 = (236) (475) 4142
=> (236) (475) 4142 = (126) (475) 4346
=> (236) (475) 4142 (263) (457) = (126) (475) 4346 (263) (457)
=> 5156 = (16) (23) 5253
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=> 5156 (1357246) = (16) (23 ) 5253 (1357246)
=> 7371 = (13) (45) 7475
Thus,
7173 = (126) (475) 4346 = 7371 = (236) (475) 4142
= (17) (2654) 3634 = (24) (56) 3137 = (13) (45) 7475
=> 7173 ~ 4346 ~ 7371 ~ 4142 - 3634 ~ 3137 ~ 7475
Since e = 713713 => 713 = 317
Since e = (25) (46) 171717 = (1265347) (1765432) 171717
= (1265347) (1765432) 17171766
= (1265347) 2121217 (1765432) 6
= (1265347) 212134J56 = (1637254) (1743562) 2121343356
= (1637254) 6262474 (1743562) 356 = (1637254) 6262474712
= (1674) (25) (24) (37) 6262474712
= (1674) (25) 6464232314 (24) (37)
=> (24) (37) = (1674) (25) 6464232314
= (25)(46)(16)(47) 6464232314
= (25) (46) 1717 (16) (47) 232314 = 713214
[Since e = (25)(46) 171717 and e = (16)(47) 232323 ]
=> (24) (37) = 713214 => (24) (37) 412 = 713
Since 713 = (24) (37) 412 =5 713 (24) (56) = (24) (37 ) 412 (24) (56)
=> 713 = (24) (37) 214
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Since 713 = (24) (37) 412 => 713 (25) (46) = (24) (37 ) 412 (25) (46)
=> 713 = (37) (56) 516
Since 713 = (24) (37) 412 => 713 (26)(45) = (24) (37) 412 (26) (45)
=> 713 = (37) (56) 615
Thus,
713 = 317 = (24) (37) 214 = (24) (37) 412
= (37)(56) 516 = (37)(56) 615
=> 713 ~ 317 ~ 214 - 412 ~ 516 ~ 615
Since e = 713713 => 7131 = 3171
=> 7131 = 3 (25) (46) 717 [Since e = ,(25) (46) 717171]
=> 7131 = (25) (46) 3717
=> 7131 = (25) (46) 1737 [ Since e = 173173 ]
=> 7131 = (25) (46) 1 (24) (56) 373
[Since e = (24)(56) 373737]
=> 7131 = (26) (45) 1373
Since 713 = (37) (56) 615 => 7131 = (37) (56) 6151
=> 7131 = (37) (56) -6 (27) (34) 515
[Since e = (27) (34) 515151]'
=> 7131 = (2743) (56) 6515
Since 7131 = (37)(56) 6151
=> 7131 = (37)(56) 5161 [ Since e = 516516 ]
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=> 7131 = (37) (56) 5 (23) (47) 616
[Since e = (23)(47) 616161]
=> 7131 = (2347) (56) 5616
Since 713 = (24) (37) 214 => 7131 = (24) (37) 2141
=> 7131 = (24) (37) 2 (35) (67) 414 => 7131 = (24) (3675) 2414
=> 7131 = (24)(3675) 1424 [Since e = 421421]
Since e = 713713 => e = 71311713 => 7131 = 3171
[Since e = (25)(46) 717171] => 7131 = 3 (25)(46) 717
=> 7131 = (25) (46) 3717 => 7131 = (25) (46) 3 (145) (276) 252
[Since 717 = (145) (276) 252] => 7131 = (142) (576) 3252
=> 7131 = (142) (576) 5232 [Since e = 523523]
Since 7131 = (142) (576) 5232 and 7131 = (24) (3675) 1424
=> (142)(576) 5232 = (24)(3675) 1424
=> (142) (576) 5232 (24) (3576) = (24) (3675) 1424 (24) (3576)
(12)'(3567) 7454 = 1242
z^> (12) (3567) 7454 = (24) (3675) 7131
[Since 7131 = (24) (3576) 1242]
=> (12)(3567) 7454 (24)(3576) = (24)(3675) 7131 (24)(3576)
=> (142)(375) 6272 = 6151
=> (142) (3 7 5 ) 6 2 7 2 ( 24) (3675> = 615i (24)0675)
45
=> 7131 = (124) (365) 7454
=> 7131 = (124)(365) 5474 [Since e = 547547]
=5 7131 = (124) (365) 5 (16)(23) 747
[Since e = (16)(23) 747474]
=5 7131 = (13)(2465) 5747
Thus,
7131 = (13)(2465) 5747 = (26)(45) 1373
= (2743) (56) 6515 = (2347) (56) 5616
= (24) (3675) 1424 = (142) (576) 5232
=> 7131 ~ 5747 ~ 1373 ~ 6515 ~ 5616 ~ 1424 ~ 5232
Summarize:
The set of all double cosets [co] = Nc?N, coset stabilizing
subgroups and the number of single cosets in each
double coset are displayed below.
Table 4.1. The Double Coset Nd?N = [ co ] ,
where N = L3(2), co = { 0,1,2,3,4,5,6 }




[*] N is transitive on a = {0,1,2,3,4,5,6} 1
[0] N(0) = N° t <(2,5) (4,6) , (2,6) (4,5) ,
(1,5,6)(2,3,4)>,
|N(0) | = 24,




[01] N01 = <(2,6) (4,5) , (2,4) (5,6)>,
|N(01) | = 4,
N(0) has orbits {1}, {3}, {0}, and 
{2,4,5,6} on cd
42
[010] N010 £ <(2,6) (4,5), (2,4) (5,6)>.
Now 717 ~ 464 - 171 - 525 - 616 -252 
=> N(010) £ <N010, (1,4,2) (5,7,6) ,
(1.6.7.4) (2,5), (1,7) (2,6,5,4),
(1.4) (6,7), (1,7)(2,5), (1,2,7,5) (4,6),
(1,5,7,2) (4,6) , (1,6,2) (4,5,7) ,
(1,2,,4) (5,6,7), (1,7) (2,4,5,6), (1,4,7,
6) (2,5) , (1,2) (5,7) , (1,7) (4,6) ,
(1.5.6) (2,4,7) , (1,6,5) (2,7,4) ,
(1.5) (2,7), (1,6) (4,7), (2,4) (5,6),
(1.2.6) (4,7,5) , (1,4,5) (2,7,6) ,
(2.6) (4,5) , (1,5,4) (2,6,7)>
Now |N(010) | = 24 and N(010) has orbits 
{3}, and {0,1,2,4,5,6}
7
[012] N°12 = <e>. But 712 - 631 - 543 - 274 -
425 - 356 - 167.




|N(012-| = 7 ancj jq(oi2) transitive on cd
24
[013] N013 = <(2,5) (4,6) , (2,6) (4,5) >.
Now 713 - 615 - 412 - 516 - 214 - 317 
=£ N(013) £ <N013, (3,6) (5,7),
(3.7) ..(5, 6) ,
(2.3.4.7) (5,6), (2,6,4,5) (3,7) ,
. (2,5,4,6) (3,7) , (2,3,5) (4,7,6) ,
(2,4) (3,7), (2,5) (4,6), (2,4) (3,5,7,6),
(2,7,6) (3,5,4) , (2,5,7) (3,4,6) ,
(2.6.3) (4,5,7), (2,3) (4,7) ,
(2.5.3) (4,6,7) , (2,7,5) (3,6,4) ,
(2.7) (3,4) , (2,6) (4,5) „ (2,3,6) (4,7,5) ,
(2, 6,7) (3,4,5) , (3,5)(6,7),
(2.7.4.3) (5,6) , (2,4)-(3,6,7,5)>,




[0103] noio3 = <Q> But 7173 ~ 73?1 ~ 7g72 ~
2124 ~ 7475 ~ 7276 ~ 1313.
Thus, N(0103) = <(1,2,5) (3,6,4) ,
(1.4.6) (2,3,5) , (1,2,3,6) (4,5) ,
(1,3) (2,4,6,5) , (1,3) (4,5),
(1.4.2) (3,5,6) , (1,6) (2,3) ,
(1,3) (2,5,6,4), (1,3,7) (2,6,5),
(1,6, 3,2) (4,5) , (1,3,7) (2,4,6) ,
(1.2) (3,6) , (1,3) (2,6) , (2,7) (3,4) ,
(2.6.7) (3,4,5) , (1,4) (3,5) ,
(1.2.4) (3,6,5) , (1,3,7) (4,5,6) ,
(1.6.4) (2,5,3) , (2,5,7) (3,4,6) ,
(2.4) (5,6) , (1,3,7) (2,5,4) ,
(2.3.4.7) (5,6) , (1,6,5) (2,4,3) ,
(1,4,3,5) (2,6) , (2,6) (4,5) >
Now |N(0103) | = 168 and n(0103) is 
transitive on co
1
[0131] N0131 = <e>. But 7131 ~ 5232 ~ 1373 ~
1424 ~ 6515 ~ 5616 ~ 5747
Thus, n(0131) = <(1,5,7,6,4,2,3) ,
(1.3.7) (2,5,4) , (1,7,5) (3,4,6) ,
(1,7,5,2) (3,4), (1,4,7) (2,5,3),
(2.6) (4,5), (1,2,7,5) (4,6),
(1.4.6.7) (2,3) , (2,4) (5,6) ,
(1.2.6) (4,7,5), (1,2) (5,7),




(1.5.4.3) (6,7), (1,6,2,3) (5,7) ,
(1.6.4.2.7.5.3) , (1,3,7) (2,6,5),
(1.5.3) (2,7,6) , (1,3,7) (2,4,6) ,
(1.3.7) (4,5,6)>
|N(0131)| = 268 and N(0131) is transitive 
on co
1
It is readily verified that
48
3'S7 = <tot it2t3t 4t5t 6, t0> = G
[0103]




The Identification of Cosets Labeling
MAGMA Labeling-Single coset
1 [*] 21 [ 6, 1 ]
2 [ 7 ] 22 [ 4, 5, 6
3 [ 1 ] 23 [ 7, 2 ]
4 [ 6 ] 24 [ 6, 7, 6
5 [ 2 ] 25 [ 6, 5 ]
6 [ 1, 7 ] 26 [ 1, 2 ]
7 [ 6, 7 ] 27 [ 7, 1, 7
8 [ 5 ] 28 [ 4, 2 ]
9 [ 3 ] 29 [ 5, 6, 7
10 [ 2, 7 ] 30 [ 4, 5 ]
11 [ 2, 1 ] 31 [ 4, 7 ]
12 [ 7, 6 ] 32 [ 4, 6 ]
13 [ 7, 1 ] 33 [ 4, 1 ]
14 [ 5, 6 ] 34 [ 2, 6 ]
15 [ 4 ] 35 [ 7, 1, 3
16 [ 5, 7 ] 36 [ 7, 1, 2
17 [ 3, 7 ] 37 [ 7, 5 ]
18 [ 3, 1 J 38 [ 4, 3 ]
19 [ 1, 6 ] 39 [ 3, 6 ]






























[ 5, 4, 2 ]
[3.4.5]
[ 1, 3 ]
[ 2, 7, 2 ]
[ 6, 5, 6 ]
[ 2, 4 ]
[1,3,2]
[5,4]













[ 6, 2 ]
63 [ 1, 6,
64 [ 1, 5 ]
65 [ 1, 2,
66 [ 6, 7,
67 [ 7, 4 ]
68 [ 6, 4 ]
69 [ 3, 5,
70 [ 5, 2,
71 [ 2, 5 ]
72 [ 4, 3,
73 [ 6, 5,
74 [ 2, 3,
75 [ 2, 3,
76 [ 4, 5,
77 [ 2, 3,
78 [ 7, 3 ]
79 [ 1, 3,
80 [ 2, 4,
81 [ 6, 4,
82 [ 6, 3 ]
83 [ 5, 3,
84 [ 6, 3,
51
85 [ 4, 1, 3 ] 88 [ 1, 4 ;1
86 [ 3, 7, 2 ] 89 [ 7, 1, 3, 1 ]
87 [ 6, 4, 2 ] 90 [ 7, 1, 7, 3 ]
Define (ti) :
(t0:) :
(i, 2) ( 3, 6)(4, 7) ( 5, 10) (8 , 16) (9, 17) (11, 22)(12, 24) (13,
27) (14, 29) (15, 31) (18, 35) (19, 36) (20, 40) (21, 41) (23,
44) (25, 47) (26, 50) (28, 53) (30, 55) (32, 59) (33, 61) (34,
63) (37, 51)(38, 69) (39, 70) (42, 52) (43, 75) (45, 78) (46,
79) (48, 81)(49, 73) (54, 58) (56, 85) (57, 86) (60, 87) (62,
65) (64, 83)(66, 89) (67, 77) (68, 74) (71, 84) (72, 88) (76,
90)(80, 82)
(ti) :
(1, 3) (2, 1 3) (4 , 21 ) (5, 11) (6, 27) ( 7, 5'4) (8 , 57) (9, 18)(10,
59) (12, 80) (14, 63) (15, 33) (16, 74) (17, 66) (19, 77) (20,
29) (22, 68) (23, 73) (24, 88) (25, 55) (26, 51) (28, 65) (30,
70) (31, 84) (32, 86) (34, 87) (35, 89) (36, 82) (37, 42) (38,
72) (39, 53) (40, 48) (41, 71) (43, 76) (44, 64) (45, 90) (46,




(1, 5) (2:, 2 3) (3, 26 ) (4, 62) (6, 69) ( 7, 6i6) (8 , 58) (9, 20) (10,
44) (11, 51) (12, 63) (13, 36) (14, 84) (15, 28) (16, 85) (17,
86) (18, 74) (19, 22) (21, 42) (24, 90) (25, 72) (27, 71) (29,
37) (30, 80) (31, 83) (32, 79) (33, 35) (34, 76) (38, 54) (39,
73) (40, 64) (41, 48) (43, 47) (45, 46) (49, 77) (50, 56) (52,
75) (53, 57) (55, 60) (59, 67) (61, 82) (65, 89) (68, 87) (70,
78) (81, 88)
(t3) :
(1/ 9) (2 7 8) (3, 43 ) (4, 82) (5, 49) ( 6, 66) (7 , 53) (8, 52)(10,
29) (11, 40) (12, 41) (13, 35) (14, 69) (15, 38) (16, 79) (17,
45) (18, 76) (19, 54) (20, 77) (21, 70) (22, 23) (24, 60) (25,
73) (26, 59) (27, 90) (28, 42) (30, 50) (31, 47) (32, 63) (33,
85) (34, 72) (36, 48) (37, 86) (39, 51) (44, 56) (46, 80) (55,
71) (57, 87) (58, ' 65) (61, 67) (62, 83) (64, 74) (68, 81) (75,
89) (84, 88)
(t4) :
(1, 15)(2, 67) (3, 88) (4, 68) (5, 46) (6, 73) (7, 40) (8, 48) (9,
56) (10, 36) (11, 35) (12, 47) (13, 83)(14, 50) (16, 66) (17,
41) (18, 54) (19, 85) (20, 72)(21, 79) (22, 52) (23, 84) (24,
33) (25, 59) (26, 65) (27, 32)(28, 45) (29, 43) (30, 76) (31,
77) (34, 42) (37, 55) (38, 44)(39, 63)(49, 74) (51, 90) (53,
53
87) (27, 58) (28, 36) (29, 68) (31, 66) (32, 40) (33, 73) (34,
61) (38, 41) (39, 83) (42, 56) (43, 53) (44, .57) (46, 54) (48,
76) (49, 75) (55, 89) (62, 69) (67, 81) (77, 90) (78, 85) (82,
84) (86, 88)
(t6;) :
(i, 4) (2, 1 2) (3, 19 ) (5, 34) (6, 42) ( 7, 2-4) (8 , 14) (9, 39)
66) (11,. 69) (13, 50) (15, 32) (16, ' 72) (17, 61) (18, ' 84) (20,
80) (21, 77) (22, 30) (23, 65) (25, 45) (26, 41) (27, 68) (28,
74) (29, 33) (31, 87) (35, 57) (36, 60) (37, 54) (38, 75) (40,
78) (43, 79) (44, 90) (46, 83) (47, 58) (48, 73) (49, 86) (51,
82) (52, 59) (53, 67) (55, 64) (56, 81) (62, 76) (63, 89) (70,
88) (71, 85)
The group is defined by the symmetric presentation. It
index is at most:
I AT| |N1 [AM ITVj 17V| - ] TV j [TV, |jV|
| TV | |TV(0)| |7V(0I)| |7V(010)| |/V(012)| |N(013)| |N(0103)| |/V(0I3I)|
= 1 + 7 + 42 + 7 + 24 +'7 + 1 + 1 = 90
Since the map is completed, at this point G has order at
most
|L3 (2) | (1 + 7 + 42 + 7+24+7 + 1 + 1) = 168 x 90 = 15120
Since the group 3‘S7 is generated by x, y, and t 
=> 3‘S7 is an image' of G.
=> |G| > |3’S7|
54
=> |G| > 15120
=> 15120 < |G|
=> |G| = 15120




SYMMETRIC GENERATION OF 23' 23’+ 32 : L3 (2)
Symmetric Presentation
Symmetric presentations for 2*7: L3 (2) are given by
<x,y,t| x7 = y2 = (xy)3 = [x,y]4= 1 = t2 = [xy, J ] = [y,f?]>, 
where L3(2) = <x,y>, X ~ (0,1,2,3,4,5,6), y ~ (2,6) (4,5). We 
factor by the relation [(0123456) to] 7 to obtain
2*7:£3(2) 
[(0123456)/, ]7
23‘ 23,+32 L3(2) (see [4]).
Let N = L3(2)■ . Now N is transitive on the set of symmetric
generators a = {0,1,..,6}. The double coset NtiN contains 7
single cosets, since
N° = ( (1,2,3,4,5,6,7), (2,6)(4,5) )
is transitive on {1,2,3,4,5,6}, and its orbits on co are
{0}, {1,2,3,4,5,61.
The relation [mt0] 7 = 1, where n = (0123456) gives
n to n t0 n t0 n t0 n to n t0 n t0= n7 n“6 to n6 n~5 t0 n5 n“4 t0
n4 n“3 t0 n3 n“2 t0 n2 n-1 t0 n to
=> [ (0 1 2 3 4 5 6) t0] 7 = [n t0] 7 = t6 t5 t4 t3 t2 t4 t0
We also use other relations,
[ (1 2 4) (3 5 6) td12 = t4 t2 ti t4 t2 ti t4 t2 ti t4 t2 ti
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[(1 2 4) (3 5 6) t3]12 — ts tg t3 ts tg t3 ts tg t3 ts tg t3
[ ( .2 6) (4 5) t2]8 = tg t2 tg t2 tg t2 tg t2
[ (1 3) (2 4 6 5) ti]8 = t3 ti t3 ti t3 ti t3 ti
[ (1 3) (2 4 6 5) t2]16 = ts tg t4 t2 ts tg t4 t2 t5 tg t4 t2 ts tg
t4 t2
[(2 6) (4 5) to t2]8 = to tg to t2 to tg to t2 to tg to t2 to tg
to t2
[(2 6) (4 5) ti t2]8 = ti tg ti t2 tl tg tl t2 tl t6 ti t2 ti' tg
ti t2
Since [n to] 7 = tg ts t4 t3 t2 ti to = Identity (e)
=> (7 i :> 3 4 5 6) = e
(letting t6, t5, t4, t3, t2, tx, and t0 be 6, 5, 4,3,2,1,7)
Conjugate (712345 6) with n in N. We have,
5 3 4 7 1 2 6 = e = 4735126 = 57143 2 6 = e
= 1753426 = e.
347 1 = 7143; 713=4371 4; 371=47134





Since 713=137 =>717= 137 3 7
=> 7 1 7 = 3 7 1 3 7 (Since 1 3 7 = 3 7 1)
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7 1 7 = 3 7 7 13 =>717 = 313
Thus,
7 17-313
Since 713 = 137 =>71 = 1373
=> 7 1 7 1 = 1 3 7 3 7 1 = 3 7 1 3 7 1 = 3 7 1 1 3 7
(Since 137 = 371 = 71 3) =>7171 = 3737
And 713 = 137=>71 = 1373
=> 7 1 7 1 = 1 3 7 3 7 1 = 7 1 3 7 1 3
(since 713=371=137)




Since 717 = 313=>121 = 424
(conjugate with n in N)
=>7121 = 7424
Thus, 7121-7424
Since 713=137=371 Conjugate to n in N, we have
412 = 124=241=>7412 = 7124 = 7241
Thus,
7412-7124-7241
'Since 7 1 3 = 3 71 = 137 and 713 = 51375
=>713=57135 (replace 1 3 7 by 7 1 3)
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=>571 = 7 1 3 5 3 =>5712 = 713532
=>5712 = 2 7 1 3 2532 = 2571352532
=>5712 = 2 5 7 1 (since 352532 equals identity.)
Similarly, 7 1 = 1 3 73=>7125 = 137325
=>7125 = 2 1 3 7 2 3 2 5
=>7125 = 2 5 1 3 752325 = 2571352325
=>7125 = 2 5 7 1 since 352325 equals identity.
Conjugate ■to n in Ni f (5 7 1 2)n = (2 5 7 l)n =(712 5)n
We have: 2 5 7 1 = 1 257 = 5712
Thus,
7 12 5- 1 2 5 7 2571-5712
Since 1 2 5 7 - 5 7 1 2 => 5 1 2 5 - 7 127
Conjugate by n in N, (512 5)n - (7 1 2 7)n, we have
6216-3213




Similarly, 17217-71271 since 62626262= e,
conjugate with n in N
=>17171717 = e = 71717171
Since 5127 = 2751=> 5 1 271572 = e





Similarly-, 35752-2 6 367-71213
Figure 5.1. Cayley Graph- of 23'23'+3j: L3(2) over L3(2)
The Identification of Cosets Labeling
MAGMA Labeling - Single coset
1 [*] 4 [ 6 ]-
2 [ 7 ] 5 [ 2 ]
3 [ 1 ] 6 [ 1, 7 ]
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7 [ 6, 7 ]
8 [ 5 ]
9 [ 3 ]
10 [ 2, 7 ]
11 [ 2, 1]
12 [ 7, 6 ]
13 [ 7, 1 ]
14 [ 5, 6 ]
15 [ 4 ]
16 [ 5, 7 ]
17 [ 3, 7 ]
18 [ 3, 1 ]
19 [1,6]
20 [ 3, 2 ]
21 [ 6, 1 ]
22 [ 2, 1, 7 ]
23 [ 7, 2 ]
24 [ 2, 6, 2 ]
25 [ 6, 5 ]
26 [ 1, 2 ]
27 [ 7, 1, 7 ]
28 [ 4, 2 ]
29 [ 5, 6, 7 ]
30 [ 4, 5 ]
31 [ 4, 7 ]
32 [ 4, 6 ]
33 [ 4, 1 ]
34 [ 2, 6 ]
35 [ 3, 1, 7 ]
36 [ 1, 6, 7 ]
37 [ 7, 5 ]
38 [ 4, 3 ]
39 [ 3, 6 ]
40 [ 3, 2, 7 ]
41 [ 6, 1, 7 ]
42 [ 3, 2, 1 ]
43 [ 1, 7, 6 ]
44 [ 1, 3 ]
45 [ 7, 2, 7 ]
46 [ 3, 7, 3 ]
47 [ 1, 5, 1 ]
48 [ 2, 4 ]
49 [ 6, 5, 7 ]
50 [ 5, 4 ]
51 [ 2, 3 ]







































































76 [ 4, 3, 7 ]
77 [ 3, 6, 7 ]
78 [ 2, 5 ]
79 [ 4, 3, 1 ]
80 [ 2, 1, 6 ]
81 [ 7, 2, 1 ]
82 [ 5, 7, 6 ]
83 [ 4, 3, 2 ]
84 [ 3, 6, 1 ]
85 [ 1, 7, 2 ]
86 [ 1, 7, 6, 7 ]
87 [ 7, 6, 5 ]
88 [ 7, 1, 3 ]
89 [ 1, 3, 1 ]
90 [ 5, 1, 5 ]
91 [ 4, 1, 4 ]
92 [ 7, 1, 7, 1 ]
93 [ 2, 4, 2 ]
94 [ 7, 3, 5, 3 ]
95 [ 7, 4, 7 ]
96 [ 2, 4, 7 ]
97 [ 7, 6, 1 ]
98 [ 5, 4, 6 ]
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99 [ 7, 5, 4 ]
100 [6,3]
101 [2,3,7]




106 [ 7, 5, 2, 5 ]










117 [ 3, 4, 7 ]
118 [5,1,7]





124 [ 3, 7, 6 ]
125 [7,3]
126 [1,4]
127 [ 1, 5, 7 ]
128 [3,2,5]
129 [ 4, 2, 1, 7 ]
130 [ 1, 6, 5 ]
131 [3,1,2]
132 [ 2, 3, 1, 3 ]
133 [ 7, 4, 2 ]
134 [ 2, 6, 5, 2 ]
135 [ 6, 4, 5 ]
136 [ 3, 4, 3 ]
137 [ 6, 4, 7 ]
138 [ 5, 4, 1 ]
139 [3,2,6]
140 [ 4, 7, 1 ]
141 [2,5,6]
142 [2,5,7]
143 [ 3, 1, 7, 4 ]
144 [6,1,2]
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145 [ 5, 4, 3 ]
146 [1,7,5]
147 [ 1, 3, 2 ]
148 [ 3, 1, 2, 3 ]
149 [ 4, 7, 2 ]
150'[ 5, 2, 6, 2 ]
151 [ 4, 6, 5 ]
152 [ 5, 3, 6 ]
153 [ 2, 7, 4, 3 ]
154 [2,1,3]
155 [ 1, 6, 2, 6 ]
156 [ 2, 1, 7, 1 ]
157 [ 7, 6, 5, 6 ]
158 [ 7, 2, 4 ]
159 [ 2, 5, 6, 2 ]
160 [ 6, 5, 4 ]
161 [ 1, 2, 4 ]
162 [ 7, 4, 1, -4 ]
163 [4,7,4]
164 [5,2,5]
165 [ 7, 5, 1, 5 ]
166 [ 1, 2, 1, 2 ]
167 [ 3, 5, 3 ]
168 [ 7, 3, 4, 3 ]
169 [ 1, 4, 6, 4 ]
170 [ 6, 2, 4, 2 ]
171 [ 6, 3, 6 ]
172 [ 3, 5, 1 ]
173 [1,3,6]
174 [ 3, 1, 6, 3 ]
175 [ 4, 5, 2 ]
176 [ 1, 2, 3 ]
177 [ 4, 3, 5 ]
178 [ 4, 3, 6 ]
179 [ 6, 3, 7 ]
180 [ 3, 4, 1 ]
181 [ 1, 2, 6 ]
182 [ 3, 4, 2 ]
183 [ 6, 3, 1 ]
184 [ 3, 1, 7, 2 ]
185 [ 7, 1, 6, 7 ]
186 [6,7,5]
187 [ 7, 6, 3, 6 ]
188 [ 7, 4, 6, 4 ]
189 [ 1, 6, 3, 6 ]







































































214 [ 7, 3, 5, 6 ]
215 [ 2, 4, 5 ]
216 [ 4, 6, 1 ]
217 [ 2, 4, 6 ]
218 [ 6, 3, 2 ]
219 [ 7, 5, 2, 1 ]
220 [3,7,2]
221 [ 3, 2, 6, 2 ]
222 [ 2, 6, 5 ]
223- [1,4,7]
224 [ 2, 6, 1 ]
225 [7,4,6]
226 [ 5, 3, 2, 7 ]
227 [ 5, 3, 2, 1 ]
228 [ 3, 1, 7, 6 ]
229 [ 1, 6, 5, 7 ]
230 [4,2,3]
231 [ 5, 6, 4 ]
232 [ 3, 4, 2, 4 ]
233 [ 1, 2, 7, 2 ]
234 [ 1, 5, 3 ]
235 [ 6, 2, 4, 6 ]







































































260 [ 6, 3, 2, 6 ]
261 [ 2, 7, 1, 2 ]
262 [5,1,3]
263 [ 4, 7, 2, 7 ]
264 [ 6, 1, 7, 1 ]
265 [ 4, 1, 5, 1 ]
266 [5,2,4]
267 [ 6, 7, 5, 3 ]
268 [ 1, 5, 4, 3 J
269 [ 1, 6, 3, 2 ]
270 [ 3, 2, 4 ]
271 [ 6, 1, 3 ]
272 [ 7, 1, 3, 2 ]
273 [ 2, 7, 3, 7 ]
274 [ 3, 2, 1, 2 ]
275 [5, 4, 2, 5, 4 ]
276 [ 6, 5, 4, 5 ]
277 [ 1, 3, 5 ]
278 [ 6, 4, 2, 6 ]
279 [ 5, 6, 7, 5 ]
280 [ 1, 4, 5, 1 ]
281 [ 7, 5, 4, 6 ]

























[ 1, 5, 2, 5 ]
[ 7, 5, 7, 5 ]
[ 4, 6, 4. ]
[ 6, 4, 7, 4 ]
[ 2, 3, 2, 3 ]
[ 5, 6, 7, 5, 6 ]
[ 6, 2, 3, 2 ]
[ 2, 5, 7, 5 ]
[ 5, 3, 2, 4 ]
[ 2, 1, 5, 1 ]
[ 5, 1, 3, 1 ]
[ 7, 2, 3, 2 ]
[ 4, 6, 2 ]
[ 6, 2,- 4' ]
[7.2.5]
[ 4,- 2, 7, 4 ]'
[ 2, 7, 5, 2 ] 
[5,6,3'].
[ 1, 6, 3 ]




306 [ 6, 7, 2, 1 ]
307 [7,1,5]
308 [ 7, 3, 4, 2 ]
309 [ 4, 2, 1, 3 ]
310 [ 2, 7, 6, 1 ]
311 [ 1, 2, 7, 1 ]
312 [ 6, 7, 5, 6 ]
313 [2,7,4]
314 [ 6, 7, 5, 7 ]
315 [ 1, 7, 4, 7 ]
316 [ 6, 5, 2, 5 ]
317 [ 1, 5, 7, 5 ]
318 [ 6, 3, 5, 3 ]
319 [ 2, 7, 4, 7 ]
320 [ 1, 2, 3, 2 ]
321 [ 6, 2, 4, 5 ]
322 [ 2, 5, 1, 5 ]
323 [ 2, 3, 5, 4 ]
324 [ 5, 3, 7, 3 ]
325 [■ 4, 2, 7,4,2]
326 [7,5,2]
327 [ 2, 5, 1 ]
328 [ 6, 4, 1, 7 ]
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329 [ 5, 6, 2 ]
330 [ 6, 7, 2, 4 ]
331 [3,1,5]
332 [ 7, 5, 3 ]
333 [ 4, 2, 1, 6 ]
334 [ 2, 7, 6, 4 ]
335 [3,1,4]
336 [ 6, 7, 4 ]
337 [ 2, 4, 5, 4 ]
338 [ 1, 6, 4 ]
339 [ 6, 2, 3, 6 ]
340 [ 6, 7, 1, 6 ]
341 [ 7, 1, 6, 1 ]
342 [ 4, 6, 7, 6 ]
343 [ 3, 4, 5, 3, 4 ]
344 [ 4, 1, 6, 1 ]
345 [ 3, 7,6,5]
346 [ 5, 4, 7, 3 ]
347 [ 5, 6, 1,4]
348 [ 3, 4, 6, 2 ]
349 [ 6, 3, 5 ]
350 [ 2, 3, 4, 7 ]
351 [ 5, 2, 3, 7 ]
352 [ 4, 5, 7, 1 ]
353 [ 3, 5, 2, 6 ]
354 [ 1, 2, 5 ]
355 [ 7, 3, 2 ]
356 [ 5, 7, 2 ]
357 [ 4, 2, 6, 2 ]
358 [3,6,5]
359 [ 4, 1, 6, 7 ]
360 [3,7,5]
361 [ 6, 1, 2, 1 ]
362 [ 6, 7, 1, 4 ]
363 [ 7, 4, 5, 2 ]
364 [ 7, 4, 6, 1 ]
3 65 [ 7, 4, 3 ]
366 [4,1,3]
367 [ 3, 7, 2, 7 ]
368 [ 4, 3, 7, 3 ]
369 [1,5,4]
370 [7,3,6]
371 [ 1, 4, 6, 1 ]
372 [ 6, 4r 3, 1 ]
373 [ 6, 4, 3, 2 ]




























[ 6, 5, 1, 4 ]
[ 4, 3, 1,4,3]
[2,6,4]
[1.4.3]
[ 7, 3, 5, 7 ]
[ 2, 3, 1, 2 ]
[ 5, 7, 6, 5, 7 ]
[ 7, 4, 3, 7 ]
[ 7, 5, 4, 2 ]
[ 3, 4, 6, 5 ]
[ 1, 3, 5, 3 ]
[ 6, 7, 3, 7 ]
[ 4, 1, 5, 4 ]
[ 7, 6, 3 ]
[4.7.3]
[ 3, 7, 1, 4 ]
[ 5, 6, 1, 2 ]
[6.1.4]
[ 1, 5, 7, 2 ]
[ 6, 2, 3 ]
398 [ 1, 2, 7, 5 ]
399 [ 5, 1, 2, 1 ]




404 [ 5, 3, 2, 6 ]
405 [ 1, 6, 5, 2 ]
406 [ 2, 1, 6, 1 ]
407 [ 1, 6, 4, 1 ] ’
408 [ 3, 7, 2, 4 ]
409 [ 2, 3, 6, 2 ]
410 [ 2, 7, 1, 2, 7 ]
411 [ 3, 7, 1, 5 ]
412 [ 3, 6, 1, 6 ]
413 [ 4, 5, 6, 4, 5 ]
414 [ 5, 2, 4, 2 ]
415 [ 6, 2, 1, 3 ]
416 [ 3, 7, 4, 7 ]
417 [ 7, 1, 6, 4 ]
418 [ 2, 5, 6, 4 ]
419 [ 2, 6, 5, 4 ]
















































2, 3, 6 ]
3,2,4]
If, 3, 6 ]
2, 4, 3 ]
If 4, 1 ]
7, 3 ]
3, 2, 3 ]
5, 2, 6 ]
5, 3, 6, 5 ]
4, 3, 4 ]
5, 3, 7 ]
3, 1, 5 ]
If 6, 7, 1 ]
3, 4, 7 ]
4, 3, 5 ]
3, 5, 1 ]
6, 3, 6 ]
6, 3, 6 ]
1, 6, 3, 1 ]
3, 6, 3 ]
6, 7, 1, 6 ]
7, 1, 6, 7 ]
•1, 2, 3, 1 ]
444 [ 4, 1,
445 [ 5, 7,
446 [ 1, 3,
447 [ 1, 2,
448 [ 7, 1,
449 [ 6, 7,
450 [ 7, 1,
451 [ 5, 6,
452 [ 7, 5,
453 [ 5, 1,
454 [ 6, 7,
455 [ 4, 1,
456 [ 7, 1,
457 [ 7, 1,
458 [ 6, 2,
459 [ 5, 6,
460 [3, 7,
461 [ 6, 4,
462 [ 6, 3,
463 [ 5, 6,
464 [ 2, 4,
465 [ 5, 4,





2, 7, 1 ]
4, 6 ]










2f 3, 7 ]
7, 6 ]





























[ 2, 3, 4, 3 ]
[ 3, 1, 5, 1 ]
[ 5, 1, 3, 4 ]
[ 4, 6, 5,4,6]
[ 4, 2, 5, 4 ]
[ 2, 5, 1, 7 ]
[ 6, 7, 3 ]
[ 1, 6, 5, 3 ]
[ 2, 6, 3, 2 ]
[ 3, 5, 4,3,5]
[ 2, 3, 4, 2, 3 ]
[ 3, 7, 5, 7 ]
[ 6, 3, 5, 7 ]
[ 6, 3, 4, 1 ]
[ 2, 6, 1, 3 ]
[2,6,3]
[ 4, 1, 3, 4, 1 ']
[ 4, 5, 1, 5 ]
[4,1,3,5]
[ 6, 2, 5, 4 ]
[ 1, 4, 3, 5 ]
[ 4, 2, 5, 2 ]
[ 6, 1, 4, 6, 1 ]
481 [ 4, 1, 2, 6 ]
482 [ 2, 4, 1, 5 ]
483 [ 7, 1, 2, 5 ]
484 [ 5, 6, 2, 6 ]
485 [ 7, 3, 6, 5 ]
486 [ 2, 7, 1, 5 ]
487 [3,7,4]
488 [ 5, 2, 4, 5, 2 ]
489 [ 6, 2, 5 ]
490 [ 3, 4, 1, 5 ]
491 [ 6, 3, 1, 2 ]
492 [ 3, 6, 2, 3 ]
493 [ 5, 1, 4 ]
494 [ 1, 4, 7, 6 ]
504 [ 2, 4, 3, 2, 4 ]
505 [ 6, 7, 3, 6 ]
506 [ 5, 2, 4, 6 ]
507 [ 1, 2, 7, 1, 2 ]
508 [ 7, 1, 4, 7 ]
509 [ 1, 2, 3,1,2]
510 [ 4, 7, 3, 4 ]
511 [ 1, 2, 6, 1 ]
512 [ 3, 5, 7, 5 ]
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The group is defined by the symmetric presentation. Its
index is at most:
m. m , i^i . m . i/yi , m , m ,#i i^i m m m
INI |N(0)| |M01)| i 7V(010) I |W(°12,| |M°13)| |N(01t)1)| |JV(°120)| 1N(O12I)| I JV(0125) I |jV(0132)| |n'01201>1
= 1+ 7 + 42 + 21 + 168 +14+7+42+84+42+56+28
= 512
Since the map is completed, at this point G has order at
most,
| L3 (2) | (1 + 7 + 42+21 + 7 + 168 + 14 + 56+42 + 84 + 42+28)
= 168 x 512 = 86016
Since the group 23‘ 23,+32 : L3(2) is generated by x, y, and t 
=> 23i 23i+32 ; L3(2) is an image of G.
=> |G| > |23‘23l+32: L3(2) | => |G| > 86016
=> 86016 < 1G| < 86016 => | G | = 86016
=5 G = 23‘23'+32: L3(2)
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CHAPTER SIX
SYMMETRIC GENERATION OF J3: 2
Symmetric Presentation
Symmetric presentations of 2*120: L2(16): 4 are given by 
L2(16): 4 <x,y,z> := Group < x,y,z[ x17 = y8 = (xy) *x-2 = z2 = 
y2*y"5 = (x*y*z)4 = (x*z)17 = 1>
The progenitor factored by the relation (x3*y5*z*t)5 = 1
2’120: L,(16):4G = —:——j---- -— = J3 : 2 (see [2][(x3y5z)t]5
J3: 2 can be symmetrically represented by <x,y,z,t; xA17 =
yA8 = 1, xAy = xA2, zA2 = 1, yAz = yA5, (x*y*z)A4 = 1,
(x*z)A17 = 1 = tA2 = [x,t] = [y,t] =(xA3*yA5*z*t)A5> = J3: 2
Coset Action: Let N = L2(16): 4. First of all, we need to
compute L2(16): 4 to obtain permutations of x, y, and z such
as: L2(16): 4 = <x,y,z> is a permutation group on the cosets
of the subgroup <x,y>.
S120 - Sym(120)
X ~ (2, 3, 5, 1 1, 12 , 27 , 25 , 24, 10, 7, 18, 38, 41, 20,
21, 8, 4) (6, 14 , 28, 54, 64, 100, 56, 55, 29, 23 , 9, 22,
43, 78, 72, 36, 16) ( 13, 19, 40, 74, 37, 32, 62, 108, 84,
47, 45, 66, 34, 17, 15, 33, 30)(26, 50, 88, 97, 73, 99,
119,. 114, 118, 120, 102, 70, 98, 113, 77, 42, 52 ) (31 , 58
96, 53, 68, 111, 110, 94, 117, 109, 65, 76, 115, 83, 46,
82, 60) (35, 67, 81, 44, 80 , 63, 107, 87, 49, 86, 93, 92,
51, 91, 89, 61, 69) (39, 48 , 85, 71, 112, 103, 57, 101 , H6,
95, 90, 106, 59, 105, 104, 79, 75)
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y ~ (3, 5, 12, 1■ 0, 4, 8, 20, 7) (6, 15, 2 8, 19, 9, 13, 29,
17) (11, 25, 41, 24, 21, 38, 27, 18) (14, 30, 56, 47, 23, 33
64, 32) (16, 34, 36, 45, 22, 40, 43, 37) ( 26, 51, 76, 39, 42
49, 53, 48)(31, 59, 99, 63, -46, 57, 102, 61) (35 , 68, 71,
73, 44, 65, 79, 70) (50, 89, 82, 116, 77, 107, 6 0, 90)(52,
93, 94, 95) (54, 74, 72, 84, 55, 66, 78, 62) (58, 104, 120,
91, 83, 112, 119 8 7) (67 , no, 101, 98, 81, 117 , 106,
97) (69, 96, 75, 113 , 80, 115, 8 5, 88) (86 , 111, 103, 118,
92, 109 , 105, 11 4) ( 100, 108)
z ~ (1, 2) (3, 6) (4, 9) (5 , 13) (7 , 19) (8, 15) (10, 17)(11,
26) (12, 28)(14, 31) (16, 35) (18, 39) (20, 29)(21, 42) (22,
44) (23, 46) (24, 48) (25, 49) (27, 53) (30, 57) (32, 63)(33,
59) (34, 65)(36, 71) (37, 73) (38, 51) (40, 68)(41, 76) (43,
79) (45, .70) (47, 61) (50, ■ 77)(52, 94) (54, 97)(55, 98)(56,




81)(75, 114)(78, 117)(80, 111)(84, 106)(85, 118)(86, 
88) (87, 91) (92, 113) (93, 95) (96, 103) (100, 108) (104, 
112)(105, 115)
N = L2(16) : 4 can be generated by x, y, and z,
where |x| = 17, |y| = 8, and |z| =2, and
(xY)x-2 = z2 = yzy’5 = (xyz)4 = (xz)17 = 1
Double coset Enumeration:
We factor by (x3*y5*z*t)5 to obtain the.relations.
The relation gives (x3y5z)5 t70 t23 tsi t2 tx = Id = e, 
where t represents tx ,
N is transitive on the symmetric generators,
a = {1,2,..,120} => NtiN = {Nt/ln e N} = { Ntx,.., Nt120} 
N(1) = Stabiliser (N,l). => the number of single cosets in 
NtiN is 120.
N(1) = ( a, b } is transitive on {2,3,4,..,120}
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The orbits of N on a> are(i)
{ 1 b
{ 2, 3, 4, 5, 7, 8, 10, 11, 12, 18, 20, 21, 24, 25, 27, 38,
41 } r
{ 6, 9, 13, 14, 15, 16, 17, 19, 22, 23, 28, 29, 30, 32, 33,
34, 36, 37, 40, 43, 45, 47, 54, 55 , 56, 62, 64, 66, 72, 74,
78, 84, 100 , 108 },
{ 26u 3 1, 35, 3:9, ■42, 4: 4 f 46, 48, 49, 50, 51, 52, 53, 57,
58, 59, 60, 61, 63, 65, 67, 68, 69, 70, 71, 73, 75, 76, 77,
79, 80, 81, 82, 83, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, 101 , 102,103, 104, 105, 106 , 107, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120 }
We need to see if Ntit2N, Ntit6N, and Ntit26N are distinct
double cosets and compute number of single cosets in each
of these double cosets.
Let d be (x3y5z) => d5 = (x3y5z)5
we obtain the relation: d5 t70 t23 t5i t2 t4 = Id (e is the 
identity).
Since for all n in N, (d5 t70 t23 t5i t2 tx)n = Id
We have, d5 t70 t23 t5i t2 tx = (d5 t70 t23 t5i t2 ti)p8 = Id 
(d5)p8 tl t2 tsi t45 t46 = Id = d5 t7o t23 tsi t2 tl 
Substitute d5 t70 t23 = ti t2 tsi on left side,
(d5)p8 ds t7o • t23 t45 t46 = Id,X
Using d5 70 23 51 2 1 instead d5 t7o t23 t5i t2 tx (the 
relation given, d5 70 23 51 2 1 = Identity).
=> (d5 70 23 51 2 l)n = (d5)p8 1 2 51 45 46 (for n = p8 in N) 
Since d5 70 23 = 1 2 51 and 1 2 51 = ((d5)p8)<_1) 46 45 
=> d5 70 23 = ( (d5)p8) (_1) 46 45 => ((d5)p8)d5 70 23 = 46 45
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Let pi = (d5)p8d5 => ( ( (d5)p8) d5 70 23)n = (46 45)n
=> (Pi)p45 12 = 100 108
and (pi)p46 1 2 = 108 100 (for P45 and p46 in N) .
=> (Pi p45) (_1) 100 108 = 1 2 = (Pl p46j (-1) 108 100
(Pi p45) (Pi p46) (’11 108 100 = 100 108
Let p2 = (pi p45) (pi p46) (-1)
=> (p2 108 100)n = (100 108)n
=> p3 p59 2,1 = 1,2 (for p59 in N)
=> 1 2 = p2 p59 2 1 = (Pi p46) (’1) 108 100 == (pi
Thus,
1 2 ~ 2 1 ~ 100 108 ~ 108 100
Similarly,
pi 70 23 45 46 = e => (pT 70 23 45 46)n = e
=> (pi)q22 40 6 1 41 = e (for q22 in N)
Let qi = pi q22 => 41 qi 40' = 1 6 => qi 1 40 = 1 6
Thus,
1 6 - 1 40
Similarly,
Using the relation 12= (pip46)_1 108 100. Let a3 = (pip46)_1 
=> 1 2 = a3 108 100' =>12 = 100 a3 100
=> 100 1 2 = a3 100 => 41 100 1 2 = 41 a3 100
=> 41 100 1 2 = a3 26 100 (1) => (a3)_1 41 100 1 2 100 26 = e
76
=> (a3)_1 ai j 100 41 1 2 100 26 = e (Since (1 2)j = 
and 1 2 = ax 2 1. )
41 100
Let ji = j3_1 (a3) 1 axj => ji 2 41 100 1 2 107 >= e (2)
=P (ji)-1 = (a?)'1 a3 (j3) => (ji) _1 = 2 41 100 1 2 107
Since 41 100 1 2 = a3 26 100 (by (1) ) => 2 41 100 1 2 107
2 a3 26 100 107 => 2 41 100 1 2 107 = a3 1 26 100 107
=> (ji)-1 = a3 1 26 100 107 (by (2) )
=> a = (ji)a3 1 26 100 107 and e = ( (ji)a3)j4 1 26 55 69
(letting rx = ( ( (ji) a3) -1 and r2 = ( (ji) a3)_1
=> 1 26 = rx 69 55 = r2 107 100.)
Thus,
1 26 ~ 69 55 ~ 107 100
Since d5 70 23 51- 2 1 = e => 1 2 51 = d5 70 23
Since (70 23)n =(12) =>12 51 is in orbit 1 2
Since 51 is in the set
{11,18,21,24,25,26,27,38,39,41,42,48,49,51,53,76}
=> 1 2 11, 1 2 18, 1 2 21, 1 2 24, 1 2 25 , 1 2 26, 1 2 27
1 2 38, 1 2 39, 1 2 41, 1 2 42, 1 2 48,1 2 49, 1 2 51, 1
53, and 1 2 76 are all in orbit 1 2.
Since d5 70 23 51 2 1 = e => d5 70 23 (p2 :pS9)q01 2 51 1 = e
=> d5(p2 P59p01 61 80 2 51 1 = e
=> d5(p2 p59)q01(p2 p59)q02 80 61 2 51 1
=> (d5(p2 p59)q01(p2 p59)q02 80 61 2 51 l)^03 = e
77
=> (d5 (p2 p59)q01(p2 p59)q02)q03 27 1 6 97 68 = e
Let r = ([d5(p2 p59)q01(p2 p59) q02] q03) _1
=> 1 6 = 21 r 68 97 => 1 6 = r 80 68 97
Since (80 68)n is in orbit 1 26 => 1 6 97 is in 1 26
Since 97 in the set {31,39,68,80,88,97,107,116}
=> 1 6 31, 1 6 39, 1 6 68, 1 6 80, 1 6 88, 1 6 97, 16 107,
and 1 6 116 are all in the orbit 1 26
Since d5 70 23 51 2 1 = e => (d5 70 23 51 2 l)r3 = e 
=> d5 r3 1 2 26 36 63 = e => d5 r3(dp2p59) 2 1 26 36 63 =
=> 64 d5 r3 (p2 P59) 1 26 36 63 = e
=> d5 r3(P2 P59) 1 26 = 64 63 36
Let ri = [d5 r3 (P2 p59)]_1 then 1 26 36 = rl 64 63
Since (64 63)n is in orbit 1 2 6 => 1 26 36 is in
Since 36 is in the set {36,72,76,102,111,114} => 1 26 36, 1
26 72, 1 26 76, 1 26 102, 1 26 111, and 1 26 114 are all in
the orbit 1 26
Since d5 70 23 51 2 1 = e => d5 70 (p2 p59)r23 51 23 2 1 = e 
=>' d5 (p2 p59)r23 83 51 23 2 1 = e
=> d5 (p2 P59)r23 83 51 = 1 2 23 Since (83 51)n is in orbit 1
26 => 1 2 23 is in 1 26
Since 23 is in the set
{14,16,22,23,30,31,32,33,34,35,36,37,40,43,44,45,46,47,56, 
57,59, 61, 63, 64,65, 68,7 0,71, 73,7 9, 99, 102}
78
=> 1 2 14, 1 2 16, 1 2 22, 1 2 23, 1 2 30, 12 31, 1 2 32,
1 2 33, 1 2 34, 1 2 35, 1 2 36, 1 2 37, 1 2 40, 1 2 43, 1 2
44, 1 2 45, 1 2 46, 1 2 47, 12 56, 1 2 57, 12 59, 1 2 61,
1 2 63, 1 2 64, 1 2 65, 1 2 68, 1 2 70, 1 2 71, 1 2 73, 1 2
79, 1 2 99, and 1 2 102 are all in orbit 1 26
Since d5 70 23 51 2 1 = e => ds r13 79 47 26 2 1 = e
=> d5 r13 7 9 = 1 2 26 47 = p2 p59 2 1 26 47
2 (p2 p59:) _1 d5r13 79 = 1 26 47 = p2 p59d5.r13 16 7 9
Since (16 79)n is in orbit 1 26 => 1 26 47 is in orbit 1 26
Since 47 is in the set {21, 27, 47, 73, 108., 113}
=> 1 26 21, 1 26 27, 1 26 47, 1 26 73, 1 26 108, and 1 26
113 are all in the orbit 1 26.
Similarly,
N 1 6 41 63 112 = e conjugate with n in N
=> N 94 93 52 2 1 = e
N 1 26 107 5 93 = e conjugate with n in N
Z> N 48 13 50 2 1 = e
N 1 6 103 98 52 = e conjugate with n in N
=> N 104 62 3 2 1 = e
Thus,
1 2 52 ~ 94 93 => 1 2 52 e orbit 1 6
1 2 50 - 48 13 L 1 2 50 e orbit 1 26
1 2 3 - 104 62 => 1 2 3 e orbit 1 6
79
Since 1 6 31 ~ 112 44 => 1 6 31 e orbit 1 26
and 1 6 41 ~ 63 112 (conjugate with n in N from (1 2 52 ~
94 93)n => 63 112 41 ~ 1 6) => 1 6 41 e orbit 1 2
We obtain: N 1 26 85 43 69 = e conjugate with n in N
=> N 99 66 63 6 1 = e
N 1 6 51 120 84 = e conjugate with n in N
=P N 30 89 2 6 1' = e
N 1 26 39 99 32 = e conjugate with n in N
=> N 108 15 4 6 1 = e
N 1 26 104 33 72 = e conjugate with n in N
=> N 13 10 9 6 1 = e
N 1 6 73 36 47 = e conjugate with n in N
=> N 45 67 13 6 1 = e
N 1 26 22 31 32 = e conjugate with n in N
=> N 43 36 17 6 1 = e
N 1 26 40 36 97 = e conjugate with n in N
=> N 39 7 19 6 1 = e
N 1 26 83 59 95 = e conjugate with n in N
=> N 110 70 26 6 1 = e
N 1 26 20 113 87 = e conjugate with n in N
=> N 112 4 31 6 1 = e
N 1 26 7 114 119 = e conjugate with n in N
=> N 89 17 44 6 1 = e
80
N 1 6 78 61 16 = e conjugate with n in N
=> N 72 96 49 6 1 = e
N 1 6 105 29 66 = e conjugate with n in N
=> N 55 84 51 6 1 = e
N 1 2 6 25 112 = e conjugate with n in
=> N 59 90 65 6 1 = e
Thus,
1 6 63 - 99 66 => 1 6 63 e orbit 1 26
1 6 2 - 30 89 => 1 6 2 e orbit 1 6
1 6 4 ~ 108 15 => 1 6 4 e orbit 1 26
1 6 9 ~ 13 10 => 1 6 9 e orbit 1 26
1 6 13 - 45 67 => 1 6 13 e orbit 1 6
1 6 17 - 43 36 => 1 6 17 6 orbit 1 26
1 6 19 - 39 7 => 1 6 19 e orbit 1 26
1 6 26 ~ 110 70 => 1 6 26 e orbit 1 26
1 6 44 ~ 89 17 => 1 6 44 e orbit 1 26
1 6 49 ~ 72 96 => 1 6 49 e orbit 1 6
1 6 51 - 55 84 => 1 6 51 e orbit 1 6
1 6 65 ~ 59 90 => 1 6 65 e orbit 1 2
Since 1 26 17 ~ 15 64 => 1 26 17 e orbit 1 6
1 26 36 ~ 64 63 => 1 26 36 e orbit 1 26
and 1 2 14 ~ 58 49 conjugate with n, => 116 57 5 - 1 26
Similarly,
81
N 1 2 43 113 43 = e conjugate with n in N
=> N 45 46 1 26 1 = e
N 1 26 59 65 30 = e conjugate with n in N
=> N 64 17 6 26 1 = e
N 1 26 94 43 40 = e conjugate with n in N
=> N 30 83 32 26 1 = e
N 1 6 96 55 30 = e conjugate with n in N
=> N 6 107 48 26 1 = e
N 1 26 30 32 78 = e conjugate with n in N
=> N 13 70 56 26 1 = e
N 1 26 66 43 40 = e conjugate with n in N
=> N 30 83 86 26 1 = e'
N 1 2 23 51 83 = e conjugate with n in N
=> N 59 104 2 26 1 = e
N 1 6 98 69 36 = e conjugate with n in N
=> N 16 119 7 26 1 = e
N 1 6 58 50 15 - e conjugate with n in N
=> N 40 68 8 26 1 = e
N 1 26 35 51 8 = e conjugate with n in N
=> N 11 70 9 26 1 = e
N 1 26 28 74 40 = e conjugate with n in N
=> N 28 39 13 26 1 = e
N 1 6 80 58 69 = e conjugate with n in N
82
=> N 60 66 14 26 1 = e
N 1 6 38 100 8 = e conjugate with n in N
=> N 21 18 16 26 1 = e
N 1 6 61 50 37 = e conjugate with n in N
=> N 15 64 17 26 1 = e
N 1 26 54 1 65 = e conjugate with n in N
N 26 79 21 26 1 = e
N 1 26 48 9 75 = e conjugate with n in N
=> N 52 43 24 26 1 = e
N 1 26 36 34 30 = e conjugate with n in N
B N 28 45 29 26 1 = e
N 1 26 47 79 16 = e conjugate with n in N
=> N 64 63 36 26 1 = e
N 1 6 46 13 37 = e conjugate with n in N
=> N 28 32 39 26 1 = e
N 1 6 109 33 75 = e conjugate with :n in N
=> N 51 76 42 26 1 = e
Thus,
1 26 1 - 45 46 => 1 26 1 e orbit 1 2
1 26 6 - 64 17 => 1 26 6 e orbit 1 26
1 26 32 ~ 30 83 => 1 26 32 e orbit 1 26
1 26 48 - 6 107 => 1 26 48 e orbit 1 6
1 26 56 - 13 70 => 1 26 56 6 orbit 1 26
83
1 26 86 ~ 30 83 => 1 26 86 e orbit 1 26
26 2 ~ 59 104 1 26 2 e orbit 1 2
26 7 ~ 16 119 1 26 7 g orbit 1 6
26 8 ~ 40 68=> 1 26 8 e orbit 1 6
26 9 ~ 11 70 => 1 :26 9 e orbit 1 26
26 13 ~ 28 39 => 1 26 13 e orbit 1 26
26 14 ~ 60 66 => 1 26 14 e orbit 1 6
26 16 ~ 21 18 => 1 26 16 e orbit 1 6
26 21 ~ 26 79 => 1 26 21 e orbit 1 26
26 24 ~ 52 43 => 1 26 24 e orbit 1 26
26 29 ~ 28 45 => 1 26 29 e orbit 1 26
26 39 ~ 28 32 1 26 39 e orbit 1 6
26 42 ~ 51 76 => 1 26 42 e orbit 1 6
Similarly,
1 2 54 ~ 69 49 13 ~ 91 30 19 ~ 34 99 39 ~ 103 59 50 '- 100
108 54 ~ 118 6 55 ~ 85 96 72 ~ 17 4 78 ~ 76 106 98 ~ 93 117
104 ~ 51 12 113
1 2 54 ~ 1 53' 92 e [1 26 92]
1 2 54 ~ 13 97 12 e [1 26 12]
1 2 54 ~ 33 49 11 e [1 6 11]
1 2 54 ~ 84 9 23 e [1 6 23]
1 2 54 14 16 6 54 e [1 2 54]
Since 1 6 = qi 1 40 6 16 = 6 q! 1 4 0
84
=> 6 1 6 = qx 40 1 40
Conjugate with n in N, we have: (6 1 6)n = (qx 40'1 40)n
=5 1 6 1 = (qi)n 41 6 41 and 1 6 1 = qx 1 40 1
=> 1 6 1 = qi 1 qi 40 41 (since 41 1 = qx 6 40 => 40 1 = qx
40 41) => 1 6 1 = qx qx 40 41 40
Similarly,
6 1 6 = 6 qi 1 40 => 6 1 6 = qx 40 1 40
=> 616 = qi 40140 = qx 404140
Conjugate with n in N, we have:
41 6 41 = (qi)n 16 1= (qx)n 40 1 40
=> 1 6 1 ~ 41 6 41 ~ 40 41 40 ~ 40 1 40 ~ 6 1 6
Continuing conjugate with n in N, we obtain:
1 6 1 1 40 1 ~ 6 1 6 ~6 41 6 - 40 1 40 -- 40 41 40
41 6 41 - 41 4 0 4 1 ~ 49 113 49 ~ 49 120 49 ~ 50 71 50
50 10 3 50 ~ 63 70 63 ~ 63 96 63 ~ 65 75 65 ~ 65 95 65
67 83 67 ~ 67 117 67 ~ 70 63 70 ~ 70 112 70 •~ 7 1 50 71
71 73 71 - 73 71 73 ~ 73 103 73 ~ 75 65 75 ~ 75 76 75
76 75 76 ~ 76 95 76 - 81 113 81 ~ 83 67 83 ~ 86 83 86
95 65 95 ~ 96 63 96 ~ 103 50 103 -- 112 7 0 112 ~ 113 49
11.3 -■ 1 17 67 117 120 49 120
Similarly,
1 26 3 - 62 70 1 - 3 117 1 ~ -45 119 1 ~ 24 29 4 ~ 45 3 6 ~
109 33 7 - 34 12 8 ~ 69 105 9 ~ 41 31 10 - 41 64 11 - 37 8
85
12 ~ 75 117 13 ~ 72 4 15 ~ 119 111 17 91 11 18 ~ 36 85 19
~ 14 23 20 ~ 3 9 102 21. ~ 110 21 23 ~ 108 116 25 ~ 1 17 3 26
~ 71 114 27 ~ 78 80 28 ~ 109 88 29 ~ 67 13 30 ~ 60 88 31' ~
16 6 32 ~ 86 1 13 33 ~ 39 20 3 4 ~ 14 1 06 35 ~ 22 20 37 ~ 64
85 38 ~ 36 11 40 ~ 88 60 42 ~ 62 3 43 ~ 50 81 44 96 106
46 ~ 22 21 47 ~ 91 89 48 ~ 24 57 49 ~ 22 108 50 ~ 1 09 10 51
~ 39 108 52 ~ 7 57 53 ~ 120 1 14 54 ~ 112 28 55 ~ 16 17 56 ~
15 53 57 ~ 32 66 58 ~ 115 20 59 ~ 31 42 60 ~ 22 12 61 ~ 21
110 63 ~ 94 42 64 ~ 5 106 65 ~ 1 07 13 66 ~ 45 92 67 2 27
68 ~ 78 82 70 ~ 48 29 73 ~ 72 7 9 . 73 ~ 16 98 74 ~ 75 32 76 ~
72 85 77 ~ 109 53 79 ~ 13 67 8 0 ~ 52 44 81 ~ 66 32 82 ~ 72
51 83 ~ 75 111 84 ~ 11 3 38 85 61. 11 4 87 - 94 1 5 8 8 ~ 41
104 89 ~ 62 17 90 ~ 69 111 92 19 4 93 ~ 106 96 95 118
34 96 ~ 91 113 97 ~ 9 28 98 ~ 45 105 99 ~ 75 9 1 00 ~ 4 3 105
101 ~ 71 12 10 2 ~ 94 8 3 103 ~ 86 51 1 04 ~ 16 26 105 71
110 108 - 14 6 1 110 ~ 107 99 111 ~ 72 42 113 ~ 1 02 87 114 ~
5 21 115 ~ 120 63 116 ~ 26 1 117
Table 6.1. The Double Coset N<yN = [ 0) ] ,
where N = L2(16): 4, a = {1,2, ...,120}




in [ a ]
86
N is transitive on co = {1,2 ..., 120}
|N| = 16320
N(1) = N1 (2, 3, 5, 11, 12, 27, 25,
24, 10, 7, 18, 38, 41, 20, 21, 8, 4) (6,
14, 28, 54, 64, 100, 56, 55, 29, 23, 9,
22, 43, 78, 72, 36, 16)(13, 19, 40, 74,
37, 32, 62, 108, 84, 47, 45, 66, 34,
17, 15, 33, 30)(26, 50, 88, 97, 73, 99,
119, 114 , 118, 120, 102, 70, 98, 113 1
77, 42, 52)(31, 58, 96, 53, 68, 111,
110, 94, 117 , 109, 65, 76, 115, 83, 46,
82, 60)(35, 67, 81, 44, 80, 63, 107,
87, 4 9, 86, 93, 92, 51, 91, 89, 61,
69)(39, 48, 85, 71, 112, 103, 57, 101,
116, 95, 90, 106, 59, 105, 104, 79,
75) , (3, 5, 12, 10, 4, 8, 20, 7) (6, 15,
28, 19, 9, 13, 29, 17)(11, 25, 41, 24,
21, 38, 27, 18)(14, 30, 56, 47, 23, 33,
64, 32)(16, 34, 36, 45, 22, 40, 43,
37)(26, 51, 76, 39, 42, 49, 53, 48)(31,
59, 99, 63, 46, 57, 102, 61) (35, 68,
71, 73, 44, 65, 79, 70)(50, 89, 82,
116, 77, 107 , 60, 90) (52, 93, 94,
95) (54, 74, 72, 84, 55, 66, 78, 62) (58,
104, 120 , 91 , 83, 112, 119, 87)(67,
.110, 101 , 98 , 81, 117, 106, 97)(69, 96,
75, 113, 80, 115, 85, 88)(86, 111, 103,
118, 92, 109 , 105,. 114) (100, 108) ),
|N(1) 1 = 136
N(1) has orbits:
{ 1 },
{ 2, 3, 4, 5>, 7, 8, 10, 11, 12, 18, 20,
21, 24, 25, 27, 38, 41 },
{ 6, 9, 13, 14, 15, 16, 17, 19, 22, 23,
28, 29, 30, 32, 33, 34, 36, 37, 40, 43,
45, 47, 54, 55, 56, 62,64, 66, 72, 74,
78, 84, 100, 108 },
{ 26, 31, 35, 39, 42, 44, 46, 48, 49,
50, 51, 52, 53, 57, 58, 59, 60, 61, 63,
65, 67, 68, 69, 70, 71, 73, 75, 76, 77,
79, 80, 81, 82, 83, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
87
•101, 102,103, 104, 105, 106, 107, 109,
110, 111, 112, 113, 114, 115, 116, 117, 
118, 119, 120 } on a
(d5)70 23 51 2 1 = e = ((d5)p8)l 2 51 45
46 => ( (d5)p8) 70 23 45'46 = e
= pip45 1 2 108 100 =>12= (p2)p59 2 1
= ( (Pi)p45) _1 100 108 = ( (Pi)p46)_1 108 100
=> 1 2 ~ 2 1 ~ 100 108 ~ 108 100
((d5)p8)q22 (70 23 45 46)q22 = e = (qi) 40 6
1 41 =5 1 6 = (qx )1 40 => 1 6 ~ 1 40
.41 100 1 2 = a3 26 100 => 2 41 100 1 2
107 = 2 a3 26 100 107 C 2 41 100 1 2
107 = a3 1 26 100 107 => (ji)'1 = a3 1 26
100 107 => e = (ji)a3 1 26 100 107 and e
= ((ji)a3)j4 1 26 55 69 => 1 26 = rx 69


















|N(1 21 | =32 and orbits of N(1 2) on a
are:
{ 1, 2, 100, 108 },
{ 52, 93, 94, 95 },
{ 11, 18, 21, 24, 25, 26, 27, 38, 39,
41, 42, 48, 49, 51, 53, 76 },
{ 50, 58, 60, 77, 82, 83, 87, 89, 90,
91, 104, 107,112, 116, 119, 120 },
{ 54, 55, 62, 66, 67, 72, 74, 78, 81,
84, 97, 98, 101, 106, 110, 117 },
{ 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 15,
17, 19, 20, 28, 29, 69, 75, 80, 85, 86, 
88, 92, 96, 103, 105, 109,111, 113,
114, 115,118 }, and
{ 14, 16, 22, 23, 30, 31, 32, 33, 34,
35, 36, 37, 40, 43, 44, 45, 46, 47, 56, 
57, 59, 61, 63, 64, 65, 68, 70, 71,
73, 79, 99, 102 }
1 2 52 = q70 94 93 e 1 6
1 2 51 = d5 70 23 e 1 2
1 2 50 = r70 48 13 e 1 26
1 2 3 = q7i 104 62 e 1 6
510
88
1 2 14 = r71 58 49 e 1 26
[1 6] |N(1 6) | = 8 and orbits of N(1 6) on co
are:
{ 1 }, { 41 }, { 6, 40 },
{ 63, 70, 96, 112 },
{ 2, 3, 5, 7, 8, 24, 25, 27 },
{ 4, 10, 11, 12, 18, 20, 21, 38 },
{ 9, 15, 22, 30, 32, 55, 56, 108 },
{ 13, 14, 16, 37, 45, 64, 66, 78 },
{ 17, 34, 43, 47, 54, 72, 84, 100 },
{ 19, 23, 28, 29, 33, 36, 62, 74 },
{ 26, 35, 48, 93, 99, 101, 109, 115 ],
{ 31, 39, 68, 80, 88, 97, 107, 116 },
{ 42, 53, 57, 58, 85, 89, 91, 114 },
{ 44, 59, 82, 87, 98, 102, 105, 110 },
{ 46, 69, 77, 92, 94, 104, 106, 118 },
{ 49, 50, 73, 75, 81, 83, 95, 117 },
{ 51, 52, 60, 61, 79, 90, 111,119 },
{ 65, 67, 71, 76, 86, 103, 113, 120 }
1 6 41 - 63 112 e 1 2
1 6 63 ~ 99 66 e 1 26
1 6 2 ~ 30 89 e 1 6
1 6 4 ~ 108 15 e 1 26
1 6 .9 ~ 13 10 e 1 26
1 6 13 ~ 45 67 e 1 6
1 6 17 ~ 43 36 e 1 26
1 6 19 ~ 39 7 e 1 26
1 6 26 ~ 110 70 e 1 26
1 6 31 ~ 112 44 e 1 26
1 6 44 ~ 89 17 e 1 26
1 6 49 -72 96 e 1 6
1 6 51 - 55 84 e 1 6
1 6 65 -59 90 e 1 2
2040
[1 26] |N(1 26) | =6 and orbits of N(1 2b) on co 
are:
{ 1, 69, 107 },
{ 3, 34, 37 },
{ 6, 43, 84 },
{ 26, 55, 100 },
{ 32, 66, 92 },
{ 48, 85, 117 },
2720
89
{ 56, 59, 116 },
{ 86, 90, 91 },
{ 2, 5, 46, 51, 93, 96 },
{ 4, 11, 23, 49, 54, 89 },
{ 7, 18, 35, 61, 63, 87 },
{ 8, 10, 12, 15, 38, 40 },
{ 9, 19, 28, 33, 67, 80 },
{ 13, 30, 65, 70, 110, 119 },
{ 14, 22, 75, 98, 99, 112 },
{ 16, 20, 25, 78, 79, 103 },
{ 17, 45, 53, 62, 74, 83 },
{ 21, 27, 47, 73, 108, 113 },
{ 24, 41, 68, 77, 97, 115 },
{ 29, 58, 64,- 82, 95, 106 },
{ 31, 50, 52, 60, 101, 105 },
{ 36, 72, 76, 102, 111, 114 },
{ 39, 44, 71, 81, 94, 109 }, '
{ 42, 57, 88, 104, 118, 120 }
1 26 1 - 45 46 e 1 2
1 26 6 - 64 17 e 1 26
1 26 32 - 30 83 e 1 26
1 26 48 - 6 107 e 1 6
1 26 56 - 13 70 e 1 26
1 26 86 - 30 83 e 1 26
1 26 2 - 59 104 e 1 2
1 26 7 - 16 119 e 1 6
1 26 8 - 40 68 e 1 6
1 26 9 - 11 70 e 1 26
1 26 13 - 28 39 e 1 26
1 26 14 - 60 66 6 1 6
1 26 16 - 21 18 e 1 6
1 26 17 - 15 64 e 1 6
1 26 21 ~ 26 79 e 1 26
1 26 24 - 52 43 e 1 26
1 26 29 ~ 28 45 e 1 26
12636-64 63 el 26
1 26 39 - 28 32 e 1 6
1 26 42 - 51 76 e 1 6
-
[1 2 54] N 1 2 54 = ( e ) . But 1 2 51 - 70 23, 1 2
23 - 83 51, 1 2 52 - 94 93, 12 50 - 48 
13, 1 2 3 - 104 62.




[1 6 1] N 1 6 1 = ( e ) . But 161-616-40
I 40 - 41 6 41 - 49 120 49 - 50 71 50
- 63 70 63 - 65 75 65 - 67 83 67 - 70
63 70 - 71 73 71 - 73 71 73 - 75 65 75
- 76 95 76 - 81 113 81 - 83 67 83 -
86 83 86 - 95 65 95 - 96 63 96 - 103
50 103 - 112 70 112 - 113 49 113 - 117 
67 117 - 120 49 120,
also 1 26 3 ~ 62 70 1 ~ 3 117 1 ~ 45
119 1 ~ 24 29 4 ~ 45 3 6 ~ 109 33 7 ~
34 12 8 ~ 69 105 9 - 41 31 10 - 41 64
II - 37 8 12 ~ 75 117 13 - 72 4 15 ~
119 111 17 ~ 91 11 18 ~ 36 85 19 ~ 14
23 20 ~ 39 102 21 ~ 110 21 23 ~ 108 116
25 ~ 117 3 26 ~ 71 114 27 ~ 78 80 28 ~
109 88 29 ~ 67 13 30 ~ 60 88 31 ~ 16 6
32 ~ 86 113 33 - 39 20 34 ~ 14 106 35 ~ 
22 20 37 ~ 64 85 38 ~ 36 11 40 ~ 88 60
42 ~ 62 3 43 ~ 50 81 44 ~ 96 106 46 ~
22 21 47 ~ 91 89 48 - 24 57 49 - 22 108
50 - 109 10 51 ~ 39 108 52 ~ 7 57 53 ~
120 114 54 ~ 112 28 55 ~ 16 17 56 ~ 15
53 57 - 32 66 58 ~ 115 20 59 ~ 31 42 60
- 22 12 61 ~ 21' 110 63 ~ 94 42 64 ~ 5
106 65 ~ 107 13 66 ~ 45 92 67 ~ 2 27 68 
~ 78 82 70 ~ 48 29 73 ~ 72 79 73 ~ 16
98 74 ~ 75 32 76 ~ 72 85 77 - 109 53 79
~ 13 67 80 ~ 52 44 81 - 66 32 82 ~ 72
51 83 ~ 75 111 84 ~ 113 38 85 ~ 61 114
87 ~ 94 15 88 ~ 41 104 89 ~ 62 17 90 ~
69 111 92 - 19 4 93 ~ 106 96 95 ~ 118
34 96 - 91 113 97 ~ 9 28 98 - 45 105 99
- 75 9 100 - 43 105 101 ~ 71 12 102 ~
94 83 103 ~ 86 51 104 ~ 16 26 105 ~ 71
110 108 - 14 61 110 ~ 107 99 111 ~ 72
42 113 ~ 102 87 114 ~ 5 21 115 ~ 120 63 
116 - 26 1 117 ~ 62 9 119











Figure 6.1. Cayley Graph of J3: 2 over L2(16): 4
The Identification of Cosets Labeling 
MAGMA Labeling-Single coset
2 [ 1 ]
3 [ 2 ]
4 [ 3 ]
6 [ 4 ]
7 [ 5 ]

























13 ] 57 [ 36
14 ] 58 [ 37
15 ] 67 [ 38
16 ] 68 [ 39
17 ] 69 [ 40
18 ] 71 [ 41
19 ] 77 [ 42
20 ] 78 [ 43
21 3 79 [ 44
22 3 81 [ 45
23 3 84 [ 46
24 3 85 [ 47
25 3 86 [ 48
26 3 87 [ 49
27 3 89 [ 50
28 3 90 [ 51
29 3 92 [ 52
30 3 94 [ 53
31 3 96 [• 54
32 3 100 [ 55
33 3 103 [ 56
34 3 104 [ 57

























59 ] 194 [ 82
60 ] 196 [ 83
61 ] 197 [ 84
62 ] 198 [ 85
63 ] 200 [ 86
64 ] 202 [ 87
65 ] 204 [ 88
66 ] 205 [ 89
67 ] 207 [ 90
68 ] 208 [ 91
69 ] 210 [ 92
70 ] ' 213 [ 93
71 ] 214 [ 94
72 ] 215 [ 95
73 ] 221 [ 96
74 ] 223 [ 97
75 ] 231 [ 98
76 ] 237 [ 99
77 ] 238 [ 100
78 ] 239 [ 101
79 ] 240 [ 102
80 ] 242 [ 103
81 ] 255 [ 104
94
257 [ 105 ] 379 [ 113 ]
259 [ 106 ] 380 [ 114 ]
263 [ 107 ] 381 [ 115 ]
272 [ 108 ] 412 [ 116 J
304 [ 109 ] 413 [ 117 ]
305 [ 110 ] 438 [ 118 ]
307 [ 111 ] 444 [ 119 ]
312 [ 112 ] 453 [ 120 ]
The group is defined by the symmetric presentation
index is at most:
1AM . 1 *1 4 |AM , 1AM , |AM |AM
|AM pv(1) I |JV(1,2)| |AT(1>6)| |/V(,'26)| |#(1’2’54)| I N(W} I
= 1 + 120 + 510 + 2040 + 2720 + 680 + 85 = 6156
(According to the J3: 2 over L2(16): 4 graph)
The index of N in G has at most 6156. => the order of G is
at most 6156 |N| = 6156-x 16320 = 100465920. (G has order
at most |L2(16) : 4| (6156) = 6156 x 16320 = 100465920)
Thus, the order of G is most at 100465920.
Since the group J3: 2 is generated by x, y, z, and t
=> J3: 2 is an image of G => |G| > | J3: 2|
=> |G| > 100465920 => 100465920 < |G| < 100465920
=> |G| = 100465920 => G = J3: 2.
The smallest index of any subgroup in J3: 2 is 6156.
95
Thus, J3: 2 is usually represented as permutation group on 
6156 letters. Now, from our Cayley graph,
J3: 2 = NeN U NtiN U Ntit2N U Ntxt6N U Ntit26N U Ntit2t54N U 
Nt]t6tiN, where N = L2(16): 4.
We see that every element of J3: 2 can be written as 
permutation of L2(16): 4, on 120 letters, followed by a word
of length at most 3 in the symmetric generators {ti, t2,
ti2o)- This representation of J3: 2 is much more convenient
to work with that its usual permutation representation.
However, we can improve this representation as follow:
L2(16) can be represented as a group of 2 x 2 matrices
fa
\c d j
, where determinant: ad - be = 1, or equivalently a
square in GF(16). Then J3: 2 is isomorphic to L2(16)
extended by the field automorphism x —> x2 for all x e 
GF(16). Hence elements of J3: 2 can be represented as
triples (A,m,w), where A is a 2 x 2 matrix, m: 0 < m < 3,
is the power of the automorphism, and w is a word of length
at most 3, in terms of the symmetric generators ti, t2, ..,
t12o. Although we have not done this here, a computer






MAGMA works for symmetric group of S7 :
(1 2 4) (3 6 5)= (xJA'
(2 6) (4 5) = y
(1 3) (2 4 6 5)= (xyx3yx
(1 3 4 7 6 5 2) = x
(2 5) (4 6) = y/^
(2 4) (5 6) = yx3yx'y
(1 3 7)
/ xxy©(254)= (xjj
(1 7 3) (2 4 5) =(x^)
N7:=Stabiliser(N,7);
N71: = Stabiliser(N7,1);
for g in N do if 7Ag eq 1 and lAg eq 3 then 
N71:=sub<N|N71,g>; end if; end for; 
for g in N do if 7Ag eq 3 and lAg eq 7 then 
N71:=sub<NIN71,g>; end if; end for;
N712:=Stabiliser(N71,2);
for g in N do if 7Ag eq 1 and lAg eq 6 and 2Ag eq 7 then
N712 : ==sub<N | N712, g>; end if; end for;
for g in N do if 7Ag eq 3 and lAg eq 5 and 2Ag eq 6 then
N712 ‘ ==sub<N | N712, g>; end if; end for;
for g in N do if 7Ag eq 1 and lAg eq 4 and 2Ag eq 5 then
N712 : ==sub<N | N712, g>; end if; end for;
for g in N do if 7Ag eq 2 and 1 Ag eq 7 and 2Ag eq 4 then
N712 I ==sub<N | N712, g>; end if; end for;
for g in N do if 7Ag eq 5 and 1 Ag eq 4 and 2Ag eq 3 then
N712 I ==sub<N | N712, g>; end if; end for;
for g in N do if 7Ag eq 4 and lAg eq 6 and 2Ag eq 1 then
N712:=sub<N|N712,g>; end if; end for; 
tra3 := Transversal(N, sub<N | N712>);
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ss;
for i := 1 to #tra3 do
ss := [7,1,2]Atra3[i]; 
cst[prodim(l, ts, ss) ] : =
end for;
m: =0;

























for g in N do if 7Ag eq 4 and lAg eq 
N717:=sub<N|N717,g>; end if; end for;
6 and 7Ag eq 4 then
for g in N do if 7Ag eq 1 and lAg eq 
N717:=sub<N|N717, g>; end if; end for;
7 and 7Ag eq 1 then
for g in N do if 7Ag eq 5 and lAg eq 
N717:=sub<N|N717, g>; end if; end for;
2 and 7Ag eq 5 then
for g in N do if 7Ag eq 6 and lAg eq 
N717:=sub<N|N717,g>; end if; end for;
4 and 7Ag eq 6 then
for g in N do if 7Ag eq 2 and lAg eq 




5 and 7Ag eq 2 then
for g in N do if 7Ag eq 7 and lAg eq 
N712:=sub<N|N712,g>; end if; end for;
5 and 2Ag eq 1 then
for g in N do if 7Ag eq 7 and lAg eq 
N712:=sub<N|N712,g>; end if; end for; 
N7123:=Stabiliser(N712,3) ;
2 and 2Ag eq 5 then
for g in N do if 7Ag eq 7 and lAg eq 
eq 4 then N7123:=sub<N|N7123,g>; end
5 and 2Ag eq 
if; end for;
3 and 3Ag
for g in N do if 7Ag eq 7 and lAg eq 
eq 2 then N7123:=sub<N|N7123,g>; end 
N7137:=Stabiliser(N713,7) ;
6 and 2Ag eq 
if; end for;
4 and 3Ag
for g in N do if 7Ag eq 1 and lAg eq 
eq 1 then N7137:=sub<N|N7137,g>; end
3 and 3Ag eq 
if; end for;
7 and 7Ag
for g in N do if 7Ag eq 3 and lAg eq 
eq 3 then N7137:=sub<N|N7137,g>; end 
N71237:=Stabiliser(N7123,7);
7 and 3Ag eq 
if; end for;
1 and 7Ag
for g in N do if 7Ag eq 1 and lAg eq 3 and 2Ag eq 6 and 3Ag
eq 7 and 7Ag eq 1 then N71237:=sub<N 
end for;
|N71237,g>; end1 if;
for g in N do if 7Ag eq 2 and lAg eq 7 and 2Ag eq 1 and 3Ag
eq 6 and 7Ag eq 2 then N71237:=sub<N 
end for;
|N71237,g>; end. if;
for g in N do if 7Ag eq 3 and lAg eq 6 and 2Ag eq 1 and 3Ag
eq 4 and 7Ag eq 3 ' then N71237:=sub<N 
end for;
|N71237,g>; end. if;
for g in N do if 7Ag eq 4 and lAg eq 7 and 2Ag eq 6 and 3Ag
eq 5 and 7Ag eq 4 then N71237:=sub<N|N71237,g>; end if; 
end for;
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for g in N do if 7Ag eq 5 and lAg eq 6 and' 2Ag eq 2 and 3Ag 
eq 1 and 7Ag eq 5 then N71237:=sub<N|N71237,g>; end if; 
end for;
for g in N do if 7Ag eq 6 and lAg eq 2 and 2Ag eq 5 and 3Ag 
eq 7 and 7Ag eq 6 then N71237:=sub<N|N71237,g>; end if; 
end for;
tra7 := Transversal(N, sub<N | N71237>);
for i := 1 to #tra7 do
ss := [7,1,2,3, 7] Atra7 fin­
est [prodim (1, ts, ss)] := ss;
end for; 
m: =0;











































for g in N do if 7Ag eq 4 and lAg 
N717:=sub<N|N717,g>; end if; end
eq
for;
6 and 7Ag eq 4 then
for g in N do if 7Ag eq 1 and lAg 
N717:=sub<N|N717,g>; end if; end
eq
for;
7 and 7Ag eq 1 then
for g in N do if 7Ag eq 5 and lAg 
N717:=sub<N|N717,g>; end if; end
eq
for;
2 and 7Ag eq 5then
for g in N do if 7Ag eq 6 and lAg 
N717:=sub<N|N717,g>; end if; end
eq
for;
4 and 7Ag eq 6 then
for g in N do if 7Ag eq 2 and lAg 




5 and 7Ag eq 2 then
for g in N do if 7Ag eq 7 and lAg 
eq 1 then N7173:=sub<N|N7173, g>;
eq
end
3 and 7Ag eq 
if; end for;
7 and 3 Ag
for g in N do if 7Ag eq 7 and lAg 
eq 2 then N7173:=sub<N|N7173,g>;
eq
end
6 and 7Ag eq 
if; end for;
7 and 3 Ag
for g in N do if 7Ag eq 2 and lAg 
eq 4 then N7173:=sub<N|N7173,g>;
eq
end
1 and 7Ag eq 
if; end for;
2 and 3 Ag
for g in N do if 7Ag eq 7 and lAg 
eq 5 then N7173:=sub<N|N7173,g>;
eq
end
4 and 7Ag eq 
if; end for;
7 and 3 Ag
for g in N do if 7Ag eq 7 and lAg 
eq 6 then N7173:=sub<N|N7173,g>;
eq
end
2 and 7Ag eq 
if; end for;
7 and 3 Ag
for g in N do if 7Ag eq 1 and lAg 




3 and 7Ag eq 
if; end for;
1 and 3 Ag
for g in N do if 7Ag eq 6 and lAg 
N713:=sub<N|N713,g>; end if; end
eq
for;
1 and 3Ag eq 5 then
for g in N do if 7Ag eq 4 and lAg 
N713:=sub<N|N713,g>; end if; end
eq
for;
1 and 3Ag eq 2 then
for g in N do if 7Ag eq 5 and lAg 
N713:=sub<N|N713,g>; end if; end
eq
for;
1 and 3Ag eq 6 then
for g in N do if 7Ag eq 2 and lAg 
N713:=sub<N|N713,g>; end if; end
eq
for;
1 and 3Ag eq 4 then
for g in N do if 7Ag eq 3 and lAg 




1 and 3Ag eq 7 then
for g in N do if 7Ag eq 5 and lAg 
eq 2 then N7131:=sub<N|N7131,g>;
eq
end
2 and 3Ag eq 
if; end for;
3 and 1 Ag
for g in N do if 7Ag eq 1 and lAg eq 3 and 3Ag eq 7 and 1 Ag
eq 3 then N7131:=sub<N|N7131,g>; end if; end for;
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for g in N do if 7Ag eq 1 and lAg eq 4 and 3Ag eq 2 and lAg
eq 4 then N7131:=sub<N|N7131,g>; end if; end for;
for g in N do if 7Ag eq 6 and lAg eq 5 and 3Ag eq 
eq 5 then N7131:=sub<N|N7131,g>; .end if; end for;
1 and lAg
for g in N do if 7Ag eq 5 and lAg eq 6 and 3Ag eq 
eq 6 then N7131:=sub<N|N7131,g>; end if; end for;
1 and lAg
for g in N do if 7Ag eq 5 and lAg eq 7 and 3Ag eq 
eq 7 then N7131:=sub<N|N7131,g>; end if; end for;
4 and lAg
N712:=Stabiliser(N71,2);
for g in N do if 7Ag eq 6 and lAg eq 3 and 2Ag eq 1 then
N712 : ==sub<N I N712, g>; end if; end for;
for g in N do if 7Ag eq 5 and lAg eq 4 and 2Ag eq 3 then
N712 : ==sub<N | N712, g>; end if; end for;
for g in N do if 7Ag eq 2 and lAg eq 7 and 2Ag eq 4 then
N712:==sub<N | N712, g>; end if; end for;
for g in N do if 7Ag eq 4 and lAg eq 2 and 2Ag eq 5 then
N712:==sub<N | N712, g>; end if; end for;
for g in N do if 7Ag eq 3 and lAg eq 5 and 2Ag eq 6 then
N712 : ==sub<N | N712, g> ; end if; end for;
for g in N do if 7Ag eq 1 and lAg eq 6 and 2Ag eq 7 then



















23‘ 23|+3z : L3(2)
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for g in N do if 7Ag eq 3 and lAg eq 7 and 3Ag eq 1 then
N713:=:sub<N | N713, g>; end if; end for;
for g in N do if 7Ag eq 1 and lAg eq 3 and 3Ag eq 7 then
N713:== sub<N | N713, g>; end if; end for;
N7132:=Stabiliser(N713,2); 
N717:=Stabiliser(N71,7);
for g in N do if 7Ag eq 3 and lAg eq 1 and 7Ag eq 3 then
N717 :=sub<N|N717, g>; end if; iend for;
N7171:=Stabiliser(N717,1);
for g in N do if 7Ag eq 3 and lAg eq 7 and 7Ag eq 3 and lAg
eq 7 then N7171:=sub<N|N7171 , g> ; end if; 1end for;
for g in N do if 7Ag eq 7 and lAg eq 3 and 7 Ag eq 7 and lAg
eq 3 then N7171:=sub<N|N7171,g>; end if; end for; 
N712:=Stabiliser(N71,2);
N7121:=Stabiliser(N712,1);
for g in N do if 7Ag eq 7 and lAg eq 4 and 2Ag eq 2 and
lAg eq 4 then N7121:=sub<N |N7121,g>; end if; end for;
N7127 : =Stabiliser(N712,7);
for g in N do if 7Ag eq 6 and lAg eq 2 and 2 Ag eq 1 and
7Ag eq 6 then N7127:=sub<N |N7127,g>; end if; end for;
for g in N do if 7Ag eq 3 and lAg eq 2 and 2 Ag eq 1 and
7Ag eq 3 then N7127:=sub<N |N7127,g>; end if; end for;
for g in N do if 7Ag eq 5 and lAg eq 1 and 2 Ag eq 2 and
7Ag eq 5 then N7127:=sub<N |N7127,g>; end if; end for;
N7125 : =.Stabiliser (N712,.5) ;
for g in N do’ if 7Ag eq 5 and lAg eq 7 and 2Ag eq 1 and
5 Ag eq 2 then N7125:=sub<N IN7125, g>; end if; end for r
for g in N do if 7Ag eq 2 and lAg eq 5 and 2Ag eq 7 and
5Ag eq 1 then N7125:=sub<N IN7125, g>; end if; end for r
for g in N do if 7Ag eq 1 and lAg eq 2 and 2Ag eq 5 and




g>; end if; end for r





and lAg 'eq 7 then N71271 :=sub<N|N71271,g>; end
for g in N do if 7Ag eq 7 and lAg eq 5 and 2Ag eq 2 and
7Ag eq 7 and lAg eq 5 then N71271 :=sub<N|N71271,g>; end .
end for;
tra9 := Transversal(N, sub<N | N71271>);
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for i := 1 to #tra9 do
ss := [7,1,2,7,1]Atra9[i]; 
cst[prodim(1, ts, ss)] := ss;
end for; 
m: =0 ;
































MAGMA works for symmetric group of J3
.PERMUTATION :
d5 - (1, 89, 79, 23, 88, 2, 34, 21, 70, 47, 51, 99)(3, 22, 
76, 60, 16, 19, 101, 33, 118, 10, 44, 50)(4, 63, 39, 112,'
100, 29, 41, 45, 54, 7, 65, 28) (5, 13, 69, 66, 42, 48, 117, 
72, 20,'107, 120, 24)(6, 9, 86, 77, 91, 67, 106, 27, 25,
105, 103, 119) (8, 98, 116, 26, 80, 15, 38, 55, 74, 83, 12, 
49)(11, 115, 82, 110, 75, 53, 90, 104, 96, 92, 84, 85)(14, 
58, 64, 68, 113, 61, 43, 81, 93, 95, 78, 73) (17, 97, 31,
114, 111, 102, 87, 18,, 32, 62,. 109, 52) (30, 36, 40, 57,
108, 71, 59, 46, 94, 35, 56, 37)
p8 - (1, 46, 108, 70) (2, 45, 100, 23) (3, 9, 85, 114) (4, 6, 
75, 118) (5,- 82, 86, 91) (7, 48, 103, 39) (8, 104, 92, 77) (-10,
55, 105, 54)(11, 69, 42, 20)
60) (14, 94, 37, 93)(15, 50,
97, 115, 98)(18, 96, 24, 19)
64) (25, 72) (27, 83, 53, 116)
56) (31, 95, 73, 52)(32, 47,
61, 63, 43)(41, 119, 76, 89)
120 , 106 , 107)
(12, 67, 80, 74) (13, 87, 88, 
113, 112) (16, 68, 57, 99) (17, 
(21, 109, 26, 29)(22, 34, 59, 
(28, 81, 111, 66)(30, 40, 35, 
71, 79)(33, 65, 44, 102)(36, 
(49, 110) (58, 101, 90, 62) (84,
p45 ~ (1, 57, 63, 37, 94, 16, 71, 70)(2, 22, 36, 31, 52, 59 
32, 23) (3, 13, 58, 98, 6, 113, 119, 39) (4, 15, 89, 24, 9, 
88, 90, 54)(5, 116, 18, 75, 92, 107, 55, 114)(7/ 26, 17,
67, 115, 81, 103, 42) ('8, 120, 97, 85, 86, 83, 48, 118) (10,
66, 19, 11, 96, 21, 105, 74) (12, 110, 53, 77, 20, 25, 84,
91) (14, 95, 44, 61, 46, 100, 33, 79)(27, 112, 28, 117, 106,
60, 29, 38)(30, 43, 45, 108, 35, 47, 73, 93)(34, 99)(40,
68, 102, 64)(41, 87, 69, 49, 101, 50, 80, 72)(51, 76, 82,
111, 78, 62, 104, 109)
P59 ~ (1,, 1C)0) (2 , 108) (3
96) (8, 1■ 13) (9, 75) (10, :
73) (15, ■ 92) (16, 30)(17,
33) (23, 70) (24, 39)(25,
37) (32, 36) (34, 102) (35,
59) (45, 46) (50, 104) (52,
90) (60, 91) (61, 79) (63,
110 ) (77, 11 2) (7:8, 117) ((
95) (107, 12 0)
118) (4, 114) (5, 88) (6, 
15) (11, 21) (12, 111) (13, 
105) (18, 48) (19, 103) (20 
49)(26, 42)(28, 80)(29,
57) (38, 51) (40, 99) (43,
93) (54, 98) (55, 97) (56, 
71) (64, 65) (66, 74) (67, 
2, 87)(83, 116)(89, 119)
85) (7,
86) (14,








(d-)pi ~ (1, 59, 52, 35) (2, 16, 94, 33) (3, 42, 4, 74) (5, 15,
88, 92) (6, 81, 9, 21) (7, 38, 103, 72) (8, 13, 113, 86) (10,
117, 105, 49) (11, 85, 67, 75) (12, 90, 28, 107) (17, 25, 115,
78)(18, 104, 97, 82)(19, 110, 96, 51)(20, 119 , 29, 83) (22,
108, 30, 95) (23, 70) (24, 91, 98, 77)(26, 114, 66, 118) (27,
41, 62, 84) (32, 34, 79, 68) (36, 102, 61, 56) (39, 60, 54,
112 ) (40, 43 , 65 , 63 ) (44, 93 , 57, 100) (45 , 46) (4 7, 6 4, 71,
99) (48, 50, 55, 87) (53, 106 , 101 , 76) (58 , 80, 1 20, 111)(69,
116 , 109 8 9)
(d- )P2 ~ (3,, 4) (5, 8) (6, 9) (7, 1 0)(11, 2 l)(12, ;20) ('13,
15) (14, 23) (16, 22) (17, 19) (18, 24)(25, 38) (26, 42) (27,
41) (28, 29) (30, 33) (31, 46) (32, 47) (34, 40)(35, 44) (36,
43) (37, 45) (39, 48) (49, 51) (50, 77)(53, 76) (54, 55) (56,
64) (57, 59) (58, 83) (60, 82) (61, 63)(62, 84)(65, 68) (66,
74) (67, 81) (69, 80) (70, 73) (71, 79) (72, 78)(75, 85) (86,
92) (87, 91) (88, 113 )(89, 10 7) (90 , 116) (9 6, 115) (97, 98)(99,
102) (101, 106) (103, 105) (104, 112) (109, 111) (110, 117) (114, 
118)(119, 120)
Q22 ~ (1, 22, 35,. 90, 2£i, 53!, 95,. 450 (2, 101, 75, 18, 38,
82, 72, 110) (3, 77, 92, 73, 96, 98, 97, 20)(4, 118, 107,
36, 52, 56, 15, 50)(5, 117, 74, 116 ) (6, 47, 115, 62, 120,
114 , 80, 23) (8, 67, 84, 65, 99, 16, 13, 103) (9, 34, 60, 68,
111 , 29, 25, 57) (10, 89 , 27 , 113 , 8 6, 7 1, 109, 87)(11, 17,
33, 37, 63, 78, 85, 21). (12, 58, 42, 39, 104, 54, 106,
81) (14, 70, 40, 26, 94, 48, 43, 64) (19, 102, 108, 66, 46,
41, 76, 49) (24, 88, 83, 59, 79, 30, 93, 51) (31, 112) (44,
55, 100, 61, 119 , 105, 91, 69)
qoi ~ (1, 51, '49, 9, 29, 13, 48, 42) (3, 67, 20, 65, 99, 57,
71, 59)(4, 106, 110, 5, 117 , 68, 46 , 70 )(6, 19, 39, 17,
76, 28, 26, 53)( 7, 44, 101, 31, 61, 79, 73, 108) (8, 12,
100, 35, 10, 102, 81, 98) (11, 74, 14, 18, 45, 89, 34,
112)(16, 40, 93, 64, 109, 72, 96, 77)(21, 107, 69, 114, 92, 
95, 58, 43) (22, 60, 104, 54, 87, 105, 90, 85) (23, 30, 94, 
111, 83, 116, 55, 38)(24, 120, 66, 103, 115, 86, 47,
78)(25, 80, 62, 50)(27, 84, 119, 91,52, 36, 56, 88)(32, 41, 






~ (1, 61, 5, 76, 88, 79, 100, 120, 114, 56, 112, 77, 68, 
107) (2, 80, 28, 108, 99, 105, 118, 57, 70, 84, 23,
3, 17, 40) (6, 13, 96, 38, 24, 83, 33, 22, 116, 39, 51, 
86, 85, 106) (8, 11, 43, 64, 65, 47, 21, 113, 30, 97, 12, 
111, 55, 16) (9, 91, 63, 69, 49, 14, 73, 25, 29, 71, 60,
111
75, 54, 41, 98) (10, 66, 74,- 115, 119, 82, 48, 31, 102, 53,
34, 37, 18, 87, 89)(15, 20, 104, 26, 72, 52, 103, 27, 19,
93, 110, 42, 50, 109, 92)(32, 44, 95, 94, 59, 36, 46, 81,
58, 78, 101, 117, 90, 67, 45)
qoa - (1, 68, 92, 48, 105, 93, 36, 102, 39>, 88 , io 3, 61)(2,
6, 118, 98, 41, 84, 63, 58, 83, 5, 111, 29) ( 3, 1 09, 81,
106 , H4 , 67 , 11■9, 101, 66, 12, 107 , ID (4, 116, 108, 62 r
20, 55, 90, 75, 79, 80, 27, 113 ) (7, 60, 120, 34, 57, 69,
96, 78, 85, 65, 45, 76) (8, 13, 40, 100, 52, 17, 24, 18, 64,
47, 71, 19) ( 9, 8!7, 10, 53, 44, 56, 89, 1 10, 115, 28, 31,
99) (14, 117, 26, 77 , 70 , 42, 59 , 10 4, 21 , 72 , 35 , 74)(15 r
46, 33, 95, 82, 51, 97, 22, 23, 43, 38, 112) (16, 30, 86,
25, 49, 94, 73, 37, 54, 50, 91, 32)
(d- )qi ~ (1, 41) (2, 98, 24, 102:I (3, 105, 25, 59) (4, 100, 10
43) (5, 87, 27, 44) (6, 40) (7, 82, 8, 110) (9, 61, 55, 51) (11,
47, 12, 34)(13, 48, 37, 101) (14, 109, 16, 115) (15 , 52, 108,
119 ) (17, 21, 84,, 18) (19, 89, 74, 91) (20, 72, 38, 54)(22,
79, 56, 90)(23, 114, 29, 42) (26, 64, 99, 78) (28, 53, 36,
58) (30, 111, 32,. 60) (31, 104, 68, 106) (33 , 57, 62 , 85) (35,
66, 93, 45)(39, 118, 116 , 77)(46, 107, 94 , 80) (49 , 95, 81,
75) (50, 83, 73, 117) (65, 113, 76, 120)(67 , 103, 8 6, 71)(69,
97, 92, 88)
rr ~ (1, 72, 29,■ 77, 87, 105, 78, 13) (2, 21, 99, 71, 69,
57, 20, 95)(3, 58, 92, 43 , 6 7, 1 14, 65, 59)(4, 41 , 52,
102 ) (5, 46, 112, 56, 74, 19, 31, 118)(6, 33, 83, 11, 12,
25, 70, 111)(7, 76, 117, 50, 32, 108, 11 6, 36) (8, 35, 61,
37, 73, 89, 38, 68) (9, 10 4, 85, 48, 63, 120, 60, 93)(10,
26, 45, 106, 53, 79, 27, 80) (14, 44, 81, 18, 30, 82, 62,
91) (16, 54, 103, 40, 96, 47, 97, 51) (17, 98, 28, 55, 34,
84, 113, 75) (22, 64, 109, 42 , 86 , 24, 90 , 115)(23 , HO, 94,
101, 39, 100, 88, 119)(49, 66)
r3 ~ (1, 63, 40, 70) (2, 36, 102, 23) (3, 19, 27, 91) (4, 17,
106, 77) (5, 89, 25, 74) (6, 96., 41, 112) (7, 53, 82, 114) (8, 
58, 110, 42) (9, 115, 101, 60) (10, 84, 104, 118) (11, 88,
107, 72) (12, 97, 80, 54) (13, 119, 51, 26) (14, 93, 32,
56)(15, 90, 78, 66)(16, 35, 30, 22)(18, 69, 39, 20)(21,92, 
116, 38) (24, 28, 98, 29) (31, 94, 43, 34) (33, 44, 57,
59) (37, 52, 61, 99) (45, 108, 79, 64) (46, 100, 47, 68) (48, 
111, 55, 109)(49, 67, 113, 83)(50, 75, 103, 76)(62, 87, 85, 
105)(65, 73, 95, 71)(81, 86, 120, 117)
112
ri3 - (3 , 20, 8, 4, 10, 12, 5;)(6, 17, 29, 13, 9, 19, 28,
15) (11, 18, 27, 38, 21, 24, 41, 25) (14, 32, 64, 33, 23, 47,
56, 30) (16, 37, 43, 40, 22, 45, 36, 34) (26, 48, 53, 49, 42,
39, 76, 51) (31, 61, 102, 57, 46, 63, 99, 59)(35, 70, 79,
65, 44, 73, 71, 68) (50, 90, 60, 107, 77, 116, 82 , 89)(52,
95, 94, 93) (54, 62, 78, 66, 55, 84, 72, 74) (58, 87, 119,
112, 83, 91, 120, 104) (67, 97, 106, 117, 81, 98, 101,
110) (69, 88, 85, 115, 80, 113, 75, 96) (86, 114, 105, 109, 
92, 118, 103, 111) (10Q, 108)
r23 ~ (1, 23, 28, 120, 53, 80, 6, 45)(2, 51)(3, 109, 79, 30, 
71, 88, 97, 18)(4, 60, 99, 56, 108, 40/ 46, 21)(5, 119,
63, 14, 68, 50, 8, 103) (9, 33, 17, 74, 49, 84, 42, 107) (10,
112, 73, 113, 101, 93, 59, 89)(11, 66, 52, 43, 54, 91, 105,
116) (12, 26, 102, 19, 117, 13, 44, 29) (15, 65, 76, 106, 48,
100, 39, 67) (16, 34, 118, 85, 25, 69, 104, 55) (20, 24, 110,
38, 98, 96, 31, 87) (22, 95, 62, 115,. 32, 47, 114,. 90) (27,
83, 86, 92, 82, 72, 77, 75) (36, 58, 111, 64) (37, 57, 78,
61, 94, 81, 41, 70)
(d-)ri - (1, 92, 34, 17, 75, 23, 30, 65)(2, 64, 69, 106, 88, 
3, 120, 89) (5, 15, 38, 63, 48, 119, 115, 51) (6, 50, 113,
105, 42, 68, 79, 32)(7, 44, 9, 20, 108, 112, 116, 54)(8,
109) (10, 94, 80, 85, 57, 70, 53, 62) (11, 90, 41, 35, 60,
103, 104, 24) (12, 40, 99, 22, 19, 98, 49, 76) (13, 39, 87,
77, 16, 52, 14, 55) (18, 47, 86, 31, 45, 26, 114, 78) (21,
81, 97, 73, 102, 83, 67, 111)(25, 29, 117, 93, 95, 66, 91, 
56)(27, 118, 101, 61, 37, 110, 72, 82)(28, 58, 46, 36, 100, 
33, 43, 107)(59, 84, 74, 71)
j ~ (1, 41, 72, 90, 19, 111, 29, 115, 83, 78, 53, 108, 85,
55, 4) (2, 1 00, 99, 73 , 16, 38, 82, 76, 39 , 27, 87, 25, 59,
4 6, 65)(3, 47, 52, 7, 105, 95, 71, 75, 5, 102, 30, 18, 44,
68, 92)(6, 109, 15, 4 8, 88, 28, 114, 106, 66, 60, 64 r 40,
91, 67, 62) (8, 43, 58 , 116, 63, 86, 112, 9 4, 23, 20, 98 r
80, 37, 93, 77)(9, 51, 49, 118, 50, 107, 81, 22, 7 9, 97,
32, 57, 74, 119, 104) (10, 84, 35, 33, 101 , 103, 45, 89 z
13, 11, 54, 26, 113, 120, 14)(12, 110, 70, 36, 61, 31,
117,, 69, 56 , 42, 96, 24, 17, 21, 34)
ji ~' (1, 77,, 115, 27, 56, 29, 55, 12, 111, 76) (2, 4, 69,r
100,■ 97, 8, 102, 73, 103, 110)(3, 62, 84, 117, 120, 82, 47,
72, 5, 106) (6, 75, 78 , 118, 45, 42, 13, 87 , 108, 11) (7, 35,
83, 99, 85, 112, 68, 64, 38, 22)(9, 16, 15 , 96, 63, 109 z
119,. 66, 10 1, 90)(10, 21, 43, 36, 91, 25, 71, 94, 19 r
113
65)(14, 79, 41, 26, 30, 40, 48, 52, 93, 51)(17, 23, 49, 39, 
34, 113, 114, 107, 58, 28)(18, 50, 59, 57, 53, 92, 46, 88, 
95, 33)(20, 70, 89, 32, 86, 61, 24, 37, 31, 60)(44, 104,
116, 98, 81, 67, 80, 74, 105, 54)
j2 ~ (1, 76, 111, 12, 55, 29, 56, 27 , H5, 77) (2, 110, 103,
73, 102, 8, 97, 100, 69, 4) (3 , 106, 5, 72, 47, 82 , 120,
117, 84, 62) (6, 11,’ 108, 87, 13, 42, 45, 118, 78, 75) (7,
22, 38, 64, 68, 112, 85, 99, 83, 35) (9, 90, 101, 66, 119,
109, 63, 96, 15, 16) (10, 65, 19, 94, 71, 25, 91, 36, 43,
21)(14, 51, 93, 52, 48, 40, 30, 26, 41, 79)(17, 28, 58,
107, 114, 113, 34, 39, 49, 23) (18, 33, 95, 8.8, 46, 92, 53-, 
57, 59, 50)(20, 60, 31, 37, 24, 61, 86, 32, 89, 70)(44, 54, 
105, 74, 80, 67, 81, 98, 116, 104)
33 ~ (1, 53, 40, 26, 79, 43, 11-, 68, 27, 2, 8:2, 5 , 54 , H6,
97, 13, 60) (3, 117, 39, 81, 74, 18, 78, 6, 36 , 28 , 41 , 30,
107, 57, 76, 12, 71) (4, 16, 25, 108, 69, 77, 50, 109, 100,
49, 35, 9, 65, 88, 119, 86, 34) (7, 9 8, 104, 4 7, 1 20, 61,
112, 55, 19, 29, 85, 93,. 70, 45 , 95, 118, 20) (8, 96, 110,
72, 103, 15, 22, 64, 32,. 48, 14 , 83, 31, 24, 63, 102,
44) ( 10, 56, 80, 23, 21, 101, 92 , 113 , 62, 42, 46, 111 , 99,
17, 114, 89, 75) (33,' 94,. 90, 52 , 59, 67, 38, 87, 106, 73,
105, 115, 37, 8y4, 91, 51, 66)
j4 - (2, 5) (4, 11) (6, 43) (7, 18) (8, 12) (9, 28) (10, 38) (13, 
30)(14, 22)(15, 40)(16, 78)(17, 74)(19, 33)(20, 25)(21,
27) (23, 54) (24, 41) (29, 64) (31, 60) (32, 66) (34, 37) (35,
63) (36, 72) (39, 71)'(42, 88) (44, 81) (45, 62) (46, 96) (47,
108) (48, 85) (49, 89) (50, 52) (51, 93) (53, 83) (55, 100) (57, 
104) (58, 82) (59, 116) (61, 87) (65, 110) (67,80) (68, 115) (69, 
107) (70, 119) (73, 113) (75, 112) (76, 111) (77, 97) (79,





for g in N do if lAg eq 2 and 2Ag eq 1 then
Nl2:=sub<N|N12,g>; end if; end for;
for g in N do if lAg eq 100 and 2Ag eq 108 then
N12:=sub<N|N12,g>; end if; end for;
for g in N do if lAg eq 108 and 2Ag eq 100 then
N12:=sub<N|N12,g>; end if; end for;
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N16:=Stabiliser(Nl,6);
for g in N do if lAg eq 1 and 6Ag eq 40 then 
N16:=sub<N|N16,g>; end if; end for;
N126:=Stabiliser(Nl,26);
for g in N do if lAg eq 69 and 26Ag eq 55 then
N126: =sub<N IN126, g>; end if; end for r
for g[ in N do if lAg eq 107 and 26Ag eq 100 then
N126: =sub<N IN126, g>; end if; end for r
N1254 :=Stabiliser(N12,54) ;
for g in N do if lAg eq 69 and 2Ag eq 4 9 and 54Ag eq 13
then N1254::=sub<N |N1254,g>; end if; end for;
for g in N do if lAg eq 91 and 2Ag eq 30 and 54 Ag eq 19
then N1254 ::=sub<N |N1254,g>; end if; end for;
for g in N do if lAg eq 99 and 2Ag eq 34 and 54Ag eq 39
then N1254 : = sub<N [N1254,g>; end if; end for;
for g in N do if lAg eq 103 and 2Ag eq 59 and 54Ag eq 50
then N1254:=sub<N|N1254,g>; end if; end for;
for g in N do if lAg eq 118 and 2Ag eq 6 and 54Ag eq 55
then N1254:=sub<N|N1254,g>; end if; end for;
for g in N do if lAg eq 20 and 2Ag eq 15 and 54Ag eq 72
then N1254:=sub<N|N1254,g>; end if; end for;
for g in N do if lAg eq 17 and 2Ag eq 4 and 54Ag eq 78
then N1254:=sub<N|N1254,g>; end if; end for;
for g in N do if lAg eq 106 and 2Ag eq 76 and 54Ag eq 98
then N1254:=sub<N|N1254,g>; end if; end for;
for g in N do if• lAg eq 16 and 2Ag eq 10 and 54Ag eq 104
then N1254:=sub<N|N1254,g>; end if; end for;
for g in N do if lAg eq 51 and 2Ag eq 12 and 54Ag eq 113
then N1254:=sub<N|N1254,g>; end if; end for;
for g in N do if lAg eq 65 and 2Ag eq 5 and 54Ag eq 115
then N125-4 : =sub<N | N1254, g>; end if; end for;
N161:=Stabiliser(N16,1);
for g in N do if lAg eq 6 and 6Ag eq 1 and lAg eq 6 then 
Nl61:=sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 40 and 6Ag eq 1 and lAg eq 40
then N161:=sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 41 and 6Ag eq 40 and lAg eq 41
then N161:=sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 49 and 6Ag eq 113 and lAg eq 49
then N161:=sub<N|N161,g>; end if; end for;
for g in N do if 1-Ag eq 50 and 6Ag eq 71 and lAg eq 50 then 
N161:=sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 63 and 6Ag eq 70 and lAg eq 63 
then N161:=sub<N|N161,g>; end if; end for;
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for g in N do if lAg eq 65 and 6Ag eq 75 and lAg eq 65
then N161:: =sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 67 and 6Ag eq 83 and lAg eq 67
then N161: =sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 70 and 6Ag eq 63 and lAg eq 70
then N161:: =sub<N|N161,g>; end i f; end for;
for g in N do if lAg eq 71 and 6Ag eq 50 and lAg eq 71
then N161: =sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 73 and 6Ag eq 71 and lAg eq 71
then N161: =sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 75 and 6Ag eq 65 and lAg eq 75
then N161: =sub<N|N161,g>; end i f; end for;
for g in N do if lAg eq 76 and 6Ag eq 7 5 and lAg eq 76
then N161: =sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 81 and 6Ag eq 113 and lAg eq 81
then N161: =sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 83 and 6Ag eq 67 and lAg eq 83
then N161: =sub<N|N161, g>; end if; end for;
for g in N do if lAg eq 86 and 6Ag eq 83 and lAg eq 86
then N161: =sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 95 and 6Ag eq 65 and lAg eq 95
then N161: =sub<N|N161,g>; end if; end for;
for . g in N do if lAg eq 96 and 6Ag eq 63 and lAg eq 96 '
then N161: =sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 103 and 6Ag eq 50 and lAg eq 103
then N161: =sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 112 and 6Ag eq 7 0 and lAg eq 112
then N161: =sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 113 and 6Ag eq 4 9 and lAg eq 113
then N161: =sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 117 and 6Ag eq 67 and lAg eq 117
then N161: =sub<N|N161,g>; end if; end for;
for g in N do if lAg eq 120 and 6Ag eq 4 9 and lAg eq 120

















<(2 , 3, 5, . 11, 12, 27, 25, 24, 10, 7, 18, 38, 41, 20 , 21
8, 4) (6 , 14 , 28 , 54 , 64 , 100, 56, 55, 29, 23, 9, 22, 43,
78, 72, 36, 16) (13, 19, 40, 74, 37, 32, 62, 108, 84, 47,
45, 66, 34, 17, 15, 33, 30) (.2 6, 50, 88, 97, 73, 99, 119,
114 , 118, 120, 102, 70, 98, 113 , 42, 52)(31, 58, 96,
53, 68, 111 , 110, 94, 117, 109, 65, 76, 115, 83, 46, 82,
60) (35, 67, 81, 44, 80, 63, 107 , 87 , 49, 86, 93, 92, 51,
91, 89, 61, 69)(39, 48, 85, 71, 112 , 103, 57, 101, 116,
90, 106 , 59 , 105, 104, 79, 75) ,
(3, 5, 12, 10, 4, 8 , 20 , 7) (6, 15, 28, 19, 9, 13 , 29
17) (11, 25, 41, 24, 21, 38, 27, 18) (14, 30, 56, 47, 23,
64, 32) (16, 34, 36, 45, 22, 40, 43, 37)(26, 51, 76, 39,
49, 53, 48) (31, 59, 99, 63, 46, 57, 102, 61)(35, 68, 71,
73, 44, 65, 79, 70) (50, 89, 82, 116 , 77, 107, 60, 90) (52
93, 94, 95) (54, 74, 72, 84, 55, 66, 78, 62)(58, 104, 120
91, 83, 112 , 119, 87)(67, 110, 101, 98, 81, 117, 106 r
97) (69, 96, ' 75, 113 , 80 , 115, 85, 88)(86, 111, 103, 118,
92, 109, 105, 114)(100, 108)>
Generators (N12) 
<(1, 2) (3, 6) (4, 
26) (12, 28) (14, 
44) (23, 46) (24, 
59)(34, 65)(36, 
79) (45, 70) (47, 
99) (60, 82) (62, 
81) (75, 114) (78, 
88)(87, 91) (92,
112) (105, 115),
(1, 100, 2 
114, 19, 69, 8,
113) (7, 111, 15, 
48, 76, 25) (14, 
56, 22, 31, 71, 
63, 34, 33, 73, 
83, 82, 120, 77, 
6,2, 110, 67).(66, 
104, 116, 91, 89
9) (5, 13) (7, 19) (8, 15) (10, 17) (11,
31) (16, 35) (18, 39) (20, 29) (21, 42) (22,
48)(25, 49)(27, 53)(30, 57)(32, 63)(33,
71)(37, 73)(38, 51)(40, 68)(41, 76)(43,
61) (50, 77) (52, 94) (54, 97) (55, 98) (56,
101) (64, 102) (66, 67) (69, 109) (72, 110) (74,
117) (80, 111) (84, 106) (85, 118) (86,
113) (93, 95) (96, 103) (100, 108) (104,
, 108)(3, 115, 29, 92, 4, 96, 28, 86)(5, 
118, 17, 80) (6, 103, 20, 88, 9, 105, 12,
75, 10, 109, 13, 85)(11, 39, 53, 38, 21, 
43, 102, 44, 23, 36, 99, 35)(16, 46, 79,
64)(18, 41, 51, 26, 24, 27, 49, 42)(30, 70, 
61, 40) (32, 68, 59, 45, 47, 65, 57, 37) (50,
58, 60, 119)(52, 94)(54, 84, 117, 81, 55,
98, 106, -72, 74, 97, 101, 78)(87, 107,
, 112, 90),
117
(1 , 2) (3, 9) (4, 6) (5, 15) (7, 17) (8 , 13) (10
(12, 29) (14, 46) (16, 44) (18, 48)(20, 28)(21,
(23, 31)(24, 39) (25, 51) (27, 76) (30, 59) (32,
(34, 68)(36, 79) (37, 70) (38, 49)(40, 65)(41,
(45, 73) (47, 63)(52, 94) (54, 98)(55, 97)(56,







118) (78, 110) (80, 1.09) (84, 101) (85, 114) (86, 113) (88,
92) (89, 107) (90, 116) (93, 95) (96, 105) (100, 108) (103,
115)(119, 120),
(1, 108, 2, 100) (3, 86, 28, 96, 4, 92, 29, 115) (5, 80,
17, 118, 8, 69, 19, 114)(6, 113, 12, 105 , 9, 88, 20,
103) (7, 85, 13, 109, 10, 75, 15, 111)(11 , 25, 76, 48, 21,
38, 53, 39) (14., 35, 99, 36, 23, 44, 102, 43) (16, 64, 71 r
31, 22, 56, 79, 46)(18, 42, 49, 27, 24, 26, 51, 41) (30, 40,
61, 73, 33, 34, 63, 70)(32, 37, 57, 65, 47, 45, 59, 68)(50,
119, 60, 58, 77, 120, 82, 83) (52 , 94) (54 , 67, 110, 62, 55,
81, 117, 84)(66, 78, 101, 97, 74, 72, 106, 98)(87, 90, 112, 
89, 91, 116, 104, 107),








92) (9, 114) (10, 105) (11, 42) (12, 80) (13, 88) (14, 
113)(16, 57)(17, 115)(18, 24)(19, 96)(20, 69)(21,
59) (23, 45) (27, 53) (28, 111) (29, 109) (30, 35) (31,




64)(36, 63)(39, 48)(40, 56)(41, 
70) (47, 79) (50, 112) (52, 95) (54, 55) (58, 
101) (65, 102) (66, 81) (67, 74) (68, 99) (77,
116) (84, 106) (89, 119) (93, 94) (97,
98)(107, 120)
(1, 100, 2, 108)(3, 113, 29, 103, 4, 88, 28, 105) (5,
109 , 19 , 85, 8, 111, 17, 75) (6, 86, 20, 115, 9, 92, 12,
96) (7, 114, 15, 69, 10, 118, 13, 80)(11, 51, 53, 24, 21,
49, 76, 18) (14, 22, 102, 71, 23, 16, 99, 79) (25, 27, 39,
42, 38, 41, 48, 26) (30, 65, 63, 37, 33, 68, 61, 45)(31, 35
64, 43, 46, 44, 56, 36) (32, 70, 59, 34, 47, 73, 57, 40) (50
120 , 82 , 58, 77, 119, 60, 83) (54 , 74, 117, 101, 55, 66,
110 , 106) (62, 97 , 67, 78, 84 , 98 , 81, 72) (87 , 116, 104, 89
91, 90, ■112, 107) (93, 95) ,
(1, 100) (2, 108) (3, 118) (4, 114) (5, 
96) (8, 113) (9, 75) (10, 115) (11, 21) (12,
88) (6, 85) (7, 















30) (17, 105) (18, 48) (19, 103) (20, 109) (22,
39)(25, 49)(26, 42)(28, 80)(29, 69)(31, 
102) (35, 57) (38, 51) (40, 99) (43, 47) (44,
104) (52, 93) (54, 98) (55, 97) (56, 68) (58, 
79) (63, 71) (64, 65) (66, 74) (67, 81) (72,
117)(82, 87)(83, 116)(89, 119)(94,
118
(1, 2) (3 , 1 5, 2 o, 17, 4 , 13, 12, 19)(5, 29, 7, 9, 8,
28, 10, 6) (1 1, 51, 27, 48, 21, 49, 41, 39)(14, 59, 64, 61,
23, 57, 56, 63) (16, 68 , 43, 70, 22, 65, 36, 73) (18, 42, 38
76, 24, 26, 25, 53) (30 , 102 , 32, 46, 33, 99, 47, 31) (34,
79, 37, 44, 40, 71, 45 , 35) (50, 107, 60, 116, 77, 89, 82,
90) (52, 95, 94, 93) (54 , 67, 78, 106, 55, 81, 72, 101)(58,
104, 119, 87, 83, 112, 120, 91) (62, 98, 66, 110, 84, 97, 
74, 117)(69, 105, 85, 92, 80, 103, 75, 86)(88, 111, 115, 
114, 113, 109, 96, 118),
(1, 100) (2, 108) (3, 114) (4, 118) (5, 113)(6, 75) (7,
115) (8, 88) (9, 85) (10, 96) (12, 109) (13, 92)(14, 70)(15,
86) (16, 33)(17, 103)(18, 39)(19, 105)(20, 111)(22, 30)(23,
73) (24, 48) (25, 51) (27, 41) (28, 69) (29, 80)(31, 45) (32,
43) (34, 99) (35, 59) (36, 47) (37, 46) (38, 49)(40, 102) (44,
57) (50, 112) (52, 93) (53, 76) (54, 97) (55, 98)(56, 65) (58,
116) (60, 87) (61, 71) (62, 84) (63, 79) (64, 68) (72, 117) (77, 
104) (78, 110) (82, 91) (83, 90) (89, 120) (94, 95) (101,
106) (107, 119),
(1, 2)(3, 17, 12, 15, 4, 19, 20, 13)(5, 9, 10, 29, 8, 
6, 7, 28)(11, 48, 41, 51, 21, 39, 27, 49)(14, 61, 56, 59,
23, 63, 64, 57) (16, 70, 36, 68, 22, 73, 43, 65)(18, 76, 25,
42, 24, 53, 38, 26) (30, 46, 47, 102, 33, 31, 32, 99)(34,
44, 45, 79, 40, 35, 37, 71)(50, 116, 82, 107, 77, 90, 60,
89) (52, 93, 94, 95) (54, 106, 72, 67, 55, 101, 78, 81) (58,
87, 120, 104 , 8 3, 9 1, 11.9, 112) ( 62, 110, 74, 98, 84, 117,
66, 97) ( 69, 92,. 75, 105, 80, 86, 85, 103)(88, 114, 96, 111,
113, 118, 115, 109),
(1, 108) (2, 100) (3, 80) (4, 69) (5, 105) (6, 111) (7,
86) (8, 103) (9, 109) (10, 92) (11, 76) (12, 75) (13, 115) (14,
40)(15, 96)(16, 63)(17, 113)(18, 25)(19, 88)(20, 85)(21, 
53)(22, 61)(23, 34)(24, 38)(26, 41)(27, 42)(28, 114)(29,
118) (30, 79) (31, 68) (32, 35) (33, 71) (36, 59) (37, 64) (39,
49) (43, 57) (44, 47) (45, 56) (46, 65) (48, 51) (50, 91) (52,
93) (54, 72) (55, 78) (58, 107) (60, 112) (62, 67) (66, 101) (70, 
99)(73, 102)(74, 106)(77, 87)(81, 84)(82, 104)(83, 89)(90,
119) (94, 95) (97, 110) (98, 117) (116, 120),
(1, 2) ( 3, 29 4 , 28 ) (5, 19, 8, 17)(6, 20, 9, 12) (7, 15,
10, 13) (11, 53, 21, 76) (14, 102, 23 , 99)(16, 79, 22,
71) (18, 51, 24, 49) (25, 39, 38, 48) (26, 27, 42, 41)(30, 63,
33, 61) (31, 64, 46, 56) (32, 59, 47, 57)(34, 73, 40, 70) (35,
43, 44, 36) (37, 68, 45, 65) (50, 82, 77, 60) (54, 117, 55 r
110) (58, 119, 83, 120)(62, 67, 84, 81)(66, 106, 74,
101) (69, 118, 80, 114)(72, 97, 78, 98)(75, 109, 85,
111) (86, 115, 92, 96) (87, 104, 91, 112)(88, 105, 113,
103) (89, 90, 107, 116) (100 , 108),
119
(1, 108, 2, 100) (3, 105, 28, 88, 4, 103, 29, 113) (5,
75, 17, 111, 8, 85, 19, 109)(6, 96, 12, 92, 9, 115, 20,
86) (7, 80, 13, 118, 10, 69, 15, 114)(11, 18, 76, 49, 21,
24, 53, 51) (14, 79, 99, 16, 23, 71, 102, 22) (25, 26, 48,
41, 38, 42, 39, 27)(30, 45, 61, 68, 33, 37, 63, 65)(31, 36,
56, 44, 46, 43, 64, 35)(32, 40, 57, 73, 47, 34, 59, 70) (50,
83, 60, 119, 77 , 58, 82, 120) (54 , 106, 110, 66, 55, 101,
117 , 74) (62, 72 , 81, 98, 84, 78, 67, 97) (87, 107 , 112, 90,
91, 89, 104, 116) (93, 95),
(1, 108, 2, 100)(3, 92, 28, 115, 4, 86, 29, 96)(5, 69,
17, 114 , 8, 80, 19, 118)(6, 88, 12, 103, 9, 113, 20,
105) (7, 75, 13, 111, 10, 85, 15, 109)(11 , 38 , 76 , 39, 21,
25, 53, 48) (14, 44, 99, 43, 23, 35, 102, 36) (16, 56, 71,
46, 22, 64, 79, 31) (18, 26, 49, 41, 24, 42, 51, 27) (30, 34,
61, 70, 33, 40, 63, 73)(32, 45, 57, 68, 47, 37, 59, 65) (50,
120, 60, 83, 77, 119, 82, 58) (52, 94) (54, 81, 110, 84, 55, 
67, 117, 62)(66, 72, 101, 98, 74, 78, 106, 97)(87, 116,
112, 107, 91, 90, 104, 89),
(1, 108) (2, 100) (3, 69) (4, 80) (5, 103) (6, 109) (7,
92) (8, 105) (9, 111) (10, 86) (11, 53) (12, 85) (13, 96) (14,
34) (15, 115) (16, 61) (17, .88) (18, 38) (19, 113) (20, 75) (21, 
76) (22, 63) (23, 40) (24, 25) (26, 27) (28, 118) (29, 114) (30,
71) (31, 65) (32, 44) (33, 79) (35, 47) (36,. 57) (37, 56) (39,
51) (41, 42) (43, 59) (.45, 64) (46, 68) (48, 49) (50, 87) (52,
93) (54, 78) (55, 72) (58, 89) (60, 104) (62, 81) (66, 106) (67,
84) (70, 102) (73, 99) (74, 101) (77, 91) (82, 112) (83, 107) (90,
120) (94, 95) (97, 117) (98, 110) (116, 119),
(1, 100, 2, 108) (3, 96, 29, 86, 4, 115, 28, 92) (5, 118, 
19, 80, 8, 114, 17, 69)(6, 105, 20, 113, 9, 103, 12, 88)(7, 
109, 15, 85, 10,'111, 13, 75)(11, 48, 53, 25, 21, 39, 76,
38) (14, 36, 102 , 35, 23, 43, 99, 44) (16 , 31, 79, 64 , 22,
46, 71, 56) (18, 27, 51, 42, 24, 41, 49, 26) (30, 73, 63, 40,
33, 70, 61, 34) (32, 65, 59, 37, 47, 68, 57, 45)(50, 58,
82, 119, 77, 83 , 60, 120)1 (52 , 94)(54, 6 2, 117, 67, 55, 84,
110,, 81) (66, 97 , 106 , 78, 74 , 98, 101, 72)(87, 89, 104,
90, 91, 107 , 11 2, 116),
(3, 5, 12, 10, 4, 8, 20, 7) (6, 15, 28, 19, 9 , 13, 29,
17) (11, 25, 41, 24, 21, 38, 27, 18) (14, 30, 56, 47, 23, 33,
64, 32) (16, 34, 36, 45, 22, 40, 43, 37)(26, 51, 76, 39, 42,
49, 53, 48) (31, 59, 99, 63, 46, 57, 102, 61)(35, 68, 71,
73, 44, 65, 79, 70)(50, 89, 82, 116 , 77, 107, 60 , 90)(52,
93, 94, 95) (54, 74, 72, 84, 55, 66, 78, 62)(58, 104, 120,
91, 83, 112 , 11 9, 87)(67 , 11■ 0, 101, 98, 81, 117, 106,
97)(69, 96, 75, 113, 80, 115, 85, 88)(86, 111, 103, 118, 
92, 109, 105, 114) (100,. 108) ,
120
(1, 2) (3, 13, 20, 19, 4, 15 , 12 , 17)(5, 28, 7, 6, 8,
29, 10, 9) (11, 49, 27, 39, 21, 51, 41, 48) (1 4, 57, 64, 63,
23, 59, 56, 61)(16, 65, 43, 73, 22, 68, 36, 70)(18, 26, 38,
53, 24, 42, 25, 76)(30, 99, 32, 31, 33, 102, 47, 46)(34,
71, 37, 35, 40, 79, 45, 44)(50, 89, 60, 90, 77, 107, 82,
116) (52, 95, 94, 93) (54, 81, 78 , 10 1, 55, 67 , 72, 106) (58,
112, 119 , 91, 83, 104, 120, 87) (62, 97, 66, 117, 84, 98,
74, 110)(69, 103, 85, 86, 80, 105, 75, 92)(88, 109, 115, 
118, 113, 111, 96, 114),
(1, 100) (2, 108) (3, 111) (4, 109) (5, 115) (6, 80) (7,
88) (8, 96) (9, 69) (10, 113) (11, 41) (12, 114) (13, 105) (14, 
68) (15, 103) (16, 32) (17, 92) (18, 49) (19, 86) (20, 118) (21, 
27)(22, 47)(23, 65)(24, 51)(25, 39)(26, 76)(28, 75)(29,
85) (30, 43) (31, 40) (33, 36) (34, 46) (35, 63) (37, 102) (38,
48) (42, 53) (44, 61) (45, 99) (50, 87) (52, 95) (54, 110) (55,
117)(56, 70)(57, 79)(58, 107)(59, 71)(60, 104)(62, 66)(64,
73) (67, 101) (72, 97) (74, 84) (77, 91) (78, 98) (81, 106) (82,
112) (83, 89) (90, 119) (93, 94) (116, 120),
(1, 100, 2, 108)(3, 88, 29, 105, 4, 113, 28, 103) (5,
111, 19, 75, 8, 109, 17, 85)(6, 92, 20, 96, 9, 86, 12,
115) (7, 118, 15, 80, 10, 114, 13 , 69 ) (11, 49, 53, 18, 21,
51, 76, 24)(14, 16, 102, 79, 23, 22, 99, 71)(25, 41, 39,
26, 38, 27, 48, 42) (30, 68, 63, 45, 33, 65, 61, 37) (31, 44,
64, 36, 46, 35, 56, 43)(32, 73, 59, 40, 47, 70, 57, 34) (50,
119, 82, 83, 77, 120, 60, 58) (54 , 66 , 117, 106, 55, 74,
110, 101.) (62, 98 , 67, 72, 84, 97 , 81 , 78)(87, 90, 104, 107,
91, 116, 112, 89 ) (93, 95),
(1, 2) (3, 19 , 12, 13, 4, 17, 20, 15)(5, 6, 10, 28, 8,
9, 7 , 290 (11, 39 , 41, 49, 21, 48 , 27 , 51)(14, 63, 56, 57,
23, 61, 64, 59) ( 16, 73, 36, 65, 22, 70, 43, 68) (18, 53, 25,
26, 24, 76, 38, 42)(30, 31, 47, 99, 33, 46, 32, 102) (34,
35, 45, 71, 40, 44, 37, 79)(50, 90, 82, 89, 77, 116, 60,
107) (52, 93, 94, 95)(54, 101, 72 , 81 , 55, 106, 78, 67)(58,
91, 120, 112, 83 , 87, 119, 104) ( 62, 117, 74, 97, 84, 110,
66, 98) ( 69, 86, 75, 103, 80, 92, 85, 105)(88, 118, 96, 109,
113, 114 , 115, 1ID ,
(1, 108, 2, 100) (3, 103, 28, 113 , 4, 105, 29, 88) (5,
85, 17, 109, 8, 75, 19, 111)(6, 115, 12, 86, 9, 96, 20,
92) ( 7, 6 9, 13, 1 14, 10, 80, 15, 118) (11, 24, 76, 51, 21,
18, 53, 49) (14, 71, 99, 22, 23, 79, 102, 16)(25, 42, 48,
27, 38, 26, 39, 41)(30, 37, 61, 65, 33, 45, 63, 68) (31, 43,
56, 35, 46, 36, 64, 44)(32, 34, 57, 70, 47, 40, 59, 73) (50,
58, 60, 120, 77, 83, 82, 119) (54 , io 1, 110, 74, 55, 106,
117, 66) (62, 78, 81, . 97,- 84, 72, 67, 98) (87, 89, 112, 116,
91, 107, 104, 90 ) (93, 95) ,
121
(1, 108 ) (2, 100 ) (3, 75) (4,
105 ) (8, 86) (9, 118) (10, 103) (11
45) (15, 88) (16, 59) (17, 96) (19,
57j (23, 37) (25, 38) (27, 76) (28,
70) (32, 79) (33, 35) (34, 56) (36,
63) (46, 73) (47, 71) (49, 51)(50,
91) (62, 106 ) (65 , 99 ) (66, 67) (68
85) (5, 92) (6, 114) (7,
, 26) (12, 69) (13, 113) (14, 
115) (20, 80) (21, 42) (22, 
109) (29, 111) (30, 44) (31, 
61)(40, 64)(41, 53)(43, 
104) (52, 95) (58, 116) (60, 
, 102) (72, 78) (74, 81) (77,
101) (89, 120) (93, 94) (107,112) (82, 87) (83, 90) (84, 
119)(110, 117),
(1, 2) (3, 28, 4, 29) (5, 





17, 8, 19) (6, 12, 9, 20) (7, 13, 
99, 23, 102)(16, 71, 22,
51)(25, 48, 38, 39)(26, 41, 42, 27)(30, 61, 
33, 63) (31,  46, 64) (32, 57, 47, 59) (34, 70,
36, 44, 43) (37, 65, 45, 68) (50, 60, 77, 82) (54,
117)(58, 120, 83, 119)(62, 81, 84, 67)(66, 101,
106)(69, 114, 80, 118)(72, 98, 78, 97)(75, 111,
109) (86, 96, 92, 115)(87, 112, 91, 104)(88, 103
105)(89, 116, 107, 90)(100, 108),
(1, 100) (2, 108) (3, 109) (4, 111) (5, 96) (6, 69) (7,
113) (8, 115) (9, 80) (10, 88) (11, 27) (12, 118) (13, 103) (14,
65) (15, 105) (16, 47) (17, 86) (18, 51) (19, 92) (20, 114) (21,
41)(22, 32)(23, 68)(24, 49)(25, 48)(26, 53)(28, 85)(29,
75) (30, 36) (31, 34) (33, 43) (35, 61) (37, 99) (38, 39) (40,
46) (42, 76) (44, 63) (45, 102) (50, 91) (52, 95) (54, 117) (55,
110) (56, 73)(57, 71)(58, 89)(59,





70) (66, 84) (67, 106) (72, 98) (77,
79) (60, 112) (62, 74) (64, 







104) (83, 107) (90, 120) (93, 94) (116, 119)>
Generators (N16);
<(2, 8, 24, 7)(3, 5, 25, 27)(4, 38, 10, 20)(9, 56, 55,
22) (11, 18, 12, 21) (13, 66, 37, 45) (14, 64, 16, 78) (15, 30, 
108, 32)(17, 34, 84, 47)(19, 33, 74, 62)(23, 28, 29,
36) (26, 109, 99, 115) (31, 97, 68, 88) (35, 48, 93, 101) (39, 
107, 116, 80)(42,'58, 114, 53)(43, 72, 100, 54)(44, 105,
87, 59) (46, 118, 94, 77) (49, 75, 81, 95) (50, 83, 73,
117) (51, 79, 61, 90) (52, 111, 119, ,60) (57, 91, 85, 89) (63, 
112) (65, 120, 76, 113) (67, 103, 86,' 71) (69, 104,' 92,
106) (70, 96) (82, 98, 110, 102) ,
(2, 24) (3, 25) (4, 10) (5, 27) (7, 8) (9, 55) (11, 12) (13, 
16) (15, 108) (17, 84) (18, 21) (19, 74) (20, 38) (22,
29) (26, 99) (28, 36) (30, 32) (31, 68) (33, 62) (34,
116) (42, 114) (43, 100) (44, 87) (45, 66) (46, 
73)(51, 61)(52, 119)(53, 58)(54,
111)(64, 78)(65, 76)(67, 86)(69,




103) (75, 95) (77,
122
117) (88, 97) (89, 91) (98, 102) (104, 106) (109, 115) (113, 
120) ,
(2, 25, 7, 5, 24, 3, 8, 27) (4, 21, 20, 12, 10, 18, 38,
11) (6, 40) (9, 108, 22, 30 , 55, 15, 56, 32) (13, 16, 45, 64,
37, 14, 66, 78)(17, 72, 4 7, 43, 84 , 54 , 34 , io 0)(19, 2 9,
62, 28, 74, 23, 33, 36)(2 6, 101, 1 15, 93, 99, 48, 109,
35) (31, 80, 88, 116, 68, 107, 97, 39) ( 42, 57, 53, 89, 114,
85, 58, 91) (44, 102, 59, 110, 87, 98, 105, 82) (46, 92, 77,
104 , 94 , 69, 118, 106) (49 , 73, 95, 83, 81, 50, 75, 117 ) (51
119 , 90 , 111, 61, 52, 79, 60) (63, 70, 112, 96) (65, 86, 113
103, 76, 67, 120, 71),
(2, 3, 7, 27, 24, 25, 8, 5)(4, 18, 20, 11, 10, 21, 38,
12) (6, 40)(9, 15, 22, 32, 55, 1 08, 56, 30) (13, 14, 45, 78,
37, 16, 66, 64)(17, 54, 47, 100 , 84 , 72, 34, 43)(19, 2 3,
62, 36, 74, 29, 33, 28)(26, 48, 115 , 35, 99, 101, 109,
93) (31, 107, 88, 39, 68, 80, 97 , 11 6)(42, 85, 53, 91, 114,
57, 58, 89)(44, 98, 59, 82, 87, 102 , 105, 110)(46, 69, 77,
106,, 94 , 92, 118, 104) (49, 50, 95, 117, 81, 73, 75, 83 ) (51
52, 90, 60, 61, 119, 79, 111)(6 3, 7 0, 112, 96)(65, 67, 113
71, 76, 86, 120, 103),
(2, 5, 8, 25, 24, 27, 7, 3) (4, 12, 38, 21, 10, 11, 20,
18) (6, 40) (9, 30, 56, 108, 55, 32, 22, 15)(13, 64, 66, 16,
37, 78, 45, 14)(17, 43, 34, 72, 84, 100, 47, 54)(19, 2 8,
33, 29, 74, 36, 62, 23) (26, 93, 109 , 101, 99, 35, 115,
48) (31, 116, 97, 80, 68, 39, 88 , io 7)(42, 89, 58, 57, 114,
91, 53, 85) (44, 110, 105, 102, 87, 82, 59, 98)(46, 104 r
118, 92, 94, 106, 77, 69)(49, 83, 75, 73, 81, 117, 95,
50)(51, 111, 79, 119, 61, 60, 90, 52)(63, 96, 112, 70)(65, 
103, 120, 86, 76, 71, 113, 67),
(2, 27, 8, 3, 24, .5, 7, 25) (4, 11, 38, 18, 10, 12, 20,
21)(6, 40)(9, 32, 56, 15, 55, 30, 22, 108)(13, 78, 66, 14,
37, 64, 45, 16) (17, 100, 34, 54, 84, 43, 47, 72) (19, 36,
33, 23, 74, 28, 62, 29)(26, 35, 109, 48, 99, 93, 115,
101) (31, 39,' 97, 107, 68, 116, 88, 80) (42, 91, 58, 85, 114,
89, 53, 57)(44, 82, 105, 98, 87, 110, 59, 102)(46, 106,
118, 69, 94, 104, 77, 92)'(49, 117, 75, 50, 81, 83, 95,
73)(51, 60, 79, 52, 61, 111, 90, 119)(63, 96, 112, 70)(65,
71, 120, 67, 76, 103, 113, 86)>
Generators (N126);
<(2, 5) (4, 11) (6, 43) (7, 18) (8,
30)(14, 22)(15, 40)(16, 78)(17, 
27) (23, 54) (24, 41) (29, 64) (31, 
63) (36, 72) (39, 71) (42, 88) (44,
12) (9, 28) (10, 38) (13, 
74)(19, 33)(20, 25)(21, 
60) (32, 66) (34, 37) (35, 
81)(45, 62)(46, 96)(47,
123
108) (48, 85) (49, 89) (50, 52) (51, 93) (53, 83) (55, 100) (57, 
104) (58, 82) (59, 116) (61, 87) (65, 110) (67, 80) (68, 115) (69,
107)(70, 119)(73, 113)(75, 112)(76, 111)(77, 97)(79,
103) (86, 91) (94, 109) (95, 106) (98, 99) (101, 105) (102,
114) (118, 120),
(1, 69, 107) (2, 93, 96) (3, 34, 37) (4, 49, 54) (5, 46,
51) (6, 84, 43) (7, 63, 61) (8, 10, 15) (9, 67, 33) (11, 23,
89) (12, 40, 38) (13, 110, 70) (14, 99, 75) (16, 20, 79) (17,
62, 53) (18, 87, 35) (19, 80, 28) (21, 113, 47) (22, 112,
98) (24, 115, 97) (25, 78, 103) (26, 55, 100) (27, 108, 73) (29,
95, 58) (30, 119, 65) (31, 52, 101) (32, 92, 66) (36, 76,
114) (39, 81 94) (41, 77, 68) (42, 118, 57) (44, 71, 109) (45, 
74, 83) (48, 117, 85) (50, 60, 105) (56, 116, 59) (64, 82,
106) (72, 102, 111) (86, 90, 91) (88, 104, 120),
(1, 107) (2, 51) (3, 37) (4, 89) (5, 96) (6, 84) (7, 35) (8,
38) (9, 80) (10, 40) (11, 54) (12, 15) (13, 65) (14, 98) (16,
25) (17, 45) (18, 61) (19, 67) (20, 103) (21, 73) (22, 75) (23,
49) (24, 68) (26, 100) (27, 47) (28, 33) (29, 106) (30, 70) (31,
50) (32, 92) (36, 111) (39, 44) (41, 97) (42, 120) (46, 93) (48,
117) (52, 105) (53, 74) (56, 59) (57, 88) (58, 64) (60, 101) (62, 
83) (63, 87) (71, 94) (72, 114) (76, 102) (77, 115) (78, 79) (81,
109) (82, 95) (86, 90) (99, 112) (104, 118) (108, 113) (110,
119) ,
(1, 107, 69) (2, 96, 93) (3, 37, 34) (4, 54, 49) (5, 51,
46) (6, 43, 84) (7, 61, 63) (8, 15, 10)'(9, 33, 67) (11, 89,
23) (12, 38, 40) (13, 70, 110) (14, 75, 99) (16, 79, 20) (17,
53, 62) (18, 35, 87) (19, 28, 80) (21, 47, 113) (22, 98,
112) (24, 97, 115) (25, 103, 78) (26, 100, 55) (27, 73,
108)(29, 58, 95)(30, 65, 119)(31, 101, 52)(32, 66, 92)(36, 
114, 76) (39, 94,. 81) (41, 68, 77) (42, 57, 118) (44, 109,
71) (45, 83, 74) (48, 85, 117) (50, 105, 60) (56, 59, 116) (64, 
106, 82) (72, 111, 102)-(86, 91, 90) (88, 120, 104),
(1, 69) (2, 46) (3, 34) (4, 23) (5, 93) (7, 87) (8, 40) (9,
19) (10, 12) (11, 49) (13, 119) (14, 112) (15, 38) (16, 103) (17, 
83)(18, 63)(20, 78)(21, 108)(22, 99)(24, 77)(25, 79)(26,
55) (27, 113) (28, 67) (29, 82) (30, 110) (31, 105) (33, 80) (35, 
61)(36, 102)(39, 109)(41, 115)(42, 104)(43, 84)(44, 94)(45, 
53) (47, 73) (50, 101) (51, 96) (52, 60) (54, 89) (56, 116) (57,
120) (58, 106) (62, 74) (64, 95) (65, 70) (66, 92) (68, 97) (71, 
81) (72, 76) (75, 98) (85, 117) (88, 118) (90, 91) (111, 114)>
Generators (N1254);
<(1, 91, 96, 6, 49, 5, 56, 10, 87, 62, 88, 110)(2, 30, 85, 
118, 69, 64, 65, 16, 41, 27, 80, 94)(3, 70, 46, 68, 89, 83,
124
84, 32, 61, 52, 42, 11)(4, 59, 100, 40, 20 , 9, 53, 44, 99
93, 12, 76) ( 7, 6 6, 28, 8, 37, 33, 77, 119, 111, 25, 47,
57) (13, 115, 39, 104, 113, 98, 78, 50, 54, 19, 72, 55)(14
74, 48, 116, 45, 18, 63, 58, 2 4, 81, 43, 9 7) (15 , 11 4,
82, 60, 34, 117, 51, 106, 17, 103, 108, 92 ) (21, 102 , 36,
31, 101 , 26, 120 , 95, 73, 79, 75, 90) (22, 23, 3 8, 1 09,
107 , io 5, 35 , 71 , 86, 29, 67, 112) ,
(1, 103, 56, 60)(2, 59, 65 , 44)(3, 79, 84, 31) ( 4, 30,
53, 16) (5, 1 08, 110, 34)(6, 15 , 62, 51) (7, 107, 77, 67) (8
71, 25, 23) ( 9, 8 5, 76, 41)(10, 17, 91, 82) (11, 101, 83,
75) (12, 118, 20, 27)(13, 104, 78, 19) (14, 116, 63, 81)(18
52, 120, 68) (22, 47, 35, 37) (24, 58, 48, 
89) (28, 38, 111, 86) (29, 119, 109, 66) (32, 
105, 57, 112)(39, 115, 54, 50)(40, 69, 93, 
102) (49, 117, 88, 92) (55, 72, 98, 113) (64, 
114, 96, 106),
108 ) (2, 100 ) (3, 75) (4, 85)(5, 92 ) (6, 114 ) (7,
86) (9, 118) (10, 103)(11 , 26) (12, 69) (13, 113) (14,
88) (16, 59) (17, 96)(19, 115) (20, 80)(21, 42)(22,
37) (25, 38) (27, 76) (28, 109) (29, 111)(30 , 44)(31,
79) (33, 35) (34, 56) (36, 61) (40, 64)(41, 53) (43,
73) (47, 71) (49, 51) (50, 104)(52, 95) (58, 116)(60,
106 ) (65 , 99 ) (66, 67)(68 , 102) (72 , 78) (74 , 81) (77,
90) (84, 101) (89, 120) (93, 94) (107,
(1, 17)(2,




45, 97, 43) (21,
74) (26, 42, 90,
73, 70, 36) (33,
80)(46, 95, 61,








112) (82, 87) (83,
119) (110, 117),
4) (3, 73) (5, 103) (6, 92) (7, 109) (8, 35) (9,
31)(12, 85)(13, 39)(14, 48)(15, 87)(16, 
55) (20, 41) (21, 61) (22, 25) (23, 28) (24, 
93)(29, 77)(32, 95)(33, 107)(34, 49)(36, 
119) (40, 118) (42, 75) (43, 45) (44, 94) (46,
120) (47, 105) (50, 115) (51, 96) (53, 65) (54, 78) (56, 82) (57,
74) (59, 64) (60, 110) (62, 117) (66, 86) (68, 90) (69, 
102) (71, 111) (72, 113) (79, 83) (80, 100) (81,
108) (89, 101) (91, 114) (98, 104),
51) (2, 12) (3, 120) (4, 80) (5, 106) (6, 103) (7, 23) (8, 
94) (10, 117) (11, 102) (15, 56) (16, 93) (17, 88) (18,
65) (21, 84) (22, 119) (24, 45) (25, 67) (26, 32) (27,
52)(33, 38)(34, 96)(35,
73) (43, 48) (46, 101) (47,
113)(57, 86)(58, 97)(59, 
79)(70, 90)(71, 77)(83,
115) (105, 111) (110, 114) , 
9)(3, 95, 84, 102)(4, 94,
53, 64) (5, 17, 110, 82) (6, 108, 62, 34) (7,







44) (28, 112) (29, 37) (30, 40) (31, 
66) (36, 89) (39, 72) (41, 100) (42, 
109) (49, 82) (50, 55) (53, 69) (54, 
118) (60, 62) (61, 75) (64,
95)(85, 99)(87, 108)(91,




38, 77, 86) (8, 
73)(12, 30, 20,
125
16) (13, 115, 78, 50) (14, 74, 63, 58) (18, 48, 97, 24) (19,
72, 104, 113) (21, 32, 120, 70) (22, 111, 35, 28) (23, 66, 71, 
119)(26, 61, 90, 46)(27, 99, 118, 100)(29, 33, 109, 57)(31, 
42, 79, 89) (37, 67, 47, 107) (39, 55, 54, 98) (40, 85, 93,
41) (43, 116, 45, 81) (44, 80, 59, 69) (49, 60, 88,- 103) (52, 
101, 68, 75)(87, 92, 96, 117)>
Generators (N161);
<(1, 83, 49, 6, 67, 120)(2, 46, 30, 7, 18, 99)(3, 61, 100,
59, 93, 92) (4, 23, 66, 88, 42, 55) (5, 35, 68, 87, 51,
38)(8, 47, 14, 24, 39, 119)(9, 72, 53, 45, 106, 28)(10, 58, 
101, 97, 36, 79) (11, 115, 62, 118, 15, 19) (12, 78, 89, 77,
60, 57) (13, 69, 44, 22, 43, 27) (16, 110, 94, 52, 98,
21)(17, 109, 91, 80, 108, 85)(20, 105, 37, 31, 25, 56)(26, 
82, 116, 32, 102, 34) (29, 48, 104, 114, 90, 54) (33, 107,
111, 74 , 84, 64) (40 , 86 , 113, 41 , 117, 81 ) (50 , 76, 96, 103,
95, 63) (65, 70, 71, 75, 112, 73) r
(1, 76, 71, 6, 75, 50) (2, 60 , 77, 8, 64, 11)(3, 10, 55,
105, 88 , 45) (4, 79, 5, 97, 48, 4 4)(7, 115 , 84 , 24, 108,
80) (9, 27, 106, 66, 87, 54)(12, 110, 15, 118, 102, 109) (13,
28, 43, 56, 58, 92) (14, 47, 89, 52, 116, 85) ( 16, 21, 33,
119, 46 , 19) (17, 82 , 11 1, 107, 9 8, 78) (18 , 91 , 32, 94, 57,
99) (20, 22, 29, 68, 37, 42)(23, 69, 93, 1 14, 100, 51)(25,
72, 90, 59, 104, 10 1) (2 6, 34, 62 , 30, 39, 74) (31, 35, 36,
38, 61, 53)(40, 95, 73, 41, 65, 103) (49, 67, 70, 113, 117,
112)(63 , 81, 86, 96 , 12 0, 83),
(1, 65, 70, 81, 41, 76, 96, 49)(2, 4, 89, 38, 82, 72,
33, 100)(3, 109, 42, 16, 44, 64, 36, 99)(5, 111, 29, 52,
105, 108, 53, 30) (6, 75, 63, 120, 40, 95, 112, 113) (7, 104, 
74, 31, 102, 97, 57, 69) (8, 88, 19, 92, 98, 106, 85, 68) (9,
77, 45, 84, 79, 80, 101, 11)(10, 62, 20, 24, 54, 91, 43,
110) (12, 90, 118, 48, 17, 55, 107, 66) (13, 34, 22, 46,’ 35, 
21, 51, 39) (14', 25, 78, 114, 26, 87, 115, 28) (15, 23, 32, • 
59, 60, 58, 119, 27) (18, 56, 116, 93, 47, 61, 94, 37) (67, 
83, 86, 117)(71, 103),
(1, 63, 41, 112) (2, 89, 110, 62) (3, 36, 87, 114) (4, 97,
54, 106)’ (5, 58, 59, 29) (6, 70, 40, 96) (7, 19, 98, 57) (8,
74, 102, 85) (9, 22, 90, 61) (10, 88, 72, 104) (11, 18, 17,
34) (12, 21, 84, 47) (13, 45, 93, 48) (14, 119, 99, 30) (15,
•115, 111, 64) (16, 52, 26, 32) (20, 69, 100, 68) (23, 27, 53,
105) (24, 91, 82, 33) (25, 28, 44, 42) (31, 38, 92, 43) (35, 
101, 37, 66)(39, 107, 94, 77)(46, 118, 116, 80)(50, 67, 73, 
86)(51, 55, 56, 79)(60, 78, 108, 109)(65, 76)(71, 83, 103, 
117) (75, 95) ,
126
(1, 6) (3, 44) (4, 31) (5, 59) (7, 8) (9, 13) (10, 68) (11,
94)(12, 46)(14, 60)(15, 26)(16, 111)(17, 39)(18, 118)(20,
97) (21, 77) (22, 66) (23, 58) (25, 87) (27, 105) (28, 42) (29,
53) (30, 115) (32, 109) (33, 62) (34, 80) (35, 79) (36, 114) (37, 
55)(38, 88)(40, 41)(43, 104)(45, 56)(47, 107)(48, 51)(49,
76)(50, 86)(52, 78)(54, 92)(61, 101)(63, 70)(64, 119)(65,
81)(67, 73)(69, 72)(71, 117)(75, 120)(83, 103)(84, 116)(89, 
91) (90, 93) (95, 113) (96, 112) (98, 102) (99, 108) (100, 106),
(1, 49, 70, 65, 41, 81, 96, 76)(2, 20, 89, 54, 82, 43,
33, 10)(3, 14, 42, 78, 44, 26, 36, 115)(4, 110, 38, 62, 72,
24, 100,. 91) (5, 119, 29, 15, 105 , 32, 53 , 60)i (6, 113, 63,
75, 40,. 120, 112 , 95) (7, 68, 74, 88, 102 , 92,. 57,, 10 6) (8,
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60) (49, 83, 120, 86) (50, 65, 71, 75) (54, 77, 88,
108, 101, 78) (59, 74, 87, 91) (66, 115, 79, 111) (67,
113)(73, 76, 103, 95)>
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Compute xx, yy, zz, and tt:
N:=sub<j 3|x,y,z>;
T:^Transversal(j 3,sub<j 3|IN>) ;
Seq:=[i : i in [1..6156]];
Seqx:=Seq; Seqy:=Seq; Seqz:=Seq; Seqt:=Seq;
for i in [1..6156] do for j in [1..6156] do for k in 
[1..6156] do for 1 in [1..6156] do if IN*(T[i]Ax) eq 
IN*T[j] then Seqx[i]:=j and IN*(T[k]Ay) eq IN*T[j] then 
Seqy[k] :=j and IN*(T[l]Az) eq IN*T[j] then Seqz[l]:.=j; 
break; break; break; end if; end for; end for; end for; end 
for;
for i in [1..6156] do for j in [1..6156] do if IN*(T[i]*t) 










t s [ 4 ] :=ts[2]A(aA16) ;
ts[5] :=ts[2]A(aA2);















ts [21] :=ts[2]A(aA14); 
ts [22]:=ts[9]Aa; 
ts [23] :=ts [9] A (aA16) ; 
ts [24] :=ts[2]A(aA7) ; 
ts [25] :=ts[2]A(aA6); 
ts[26]:=ts[11]A(c); 
ts [27] :=ts[2]A(aA5) ; 
ts [28] :=ts[15]A(b); 
ts [29] :=ts[20]A(c); 
ts[30]:=ts[14]A(b); 
ts [31] :=ts[14]A(c); 
t s[3 2]: =t s [ 13 ] A (a A 5); 




ts [37] :=ts[13]A(aA4); 




ts [41] :=ts[2]A(aA12); 
ts [42] :=ts[21]Ac; 
ts[43]: =t s [ 6 ] A (a A12 ) ; 
ts [44] :=ts[22]A(c); 
ts [45] :=ts[13]A(aA10); 
ts [46] :=ts [23] A (c) ; 
ts [47] :=ts[13]A(aA9); 
ts [48] :=ts[24]A(c); 
ts [49] :=ts[25]A(c); 
t s [ 5 0 ] : =t s [ 2 6 ] A (a) ; 
ts[51]:=ts[26]A(b); 
ts [52] :=ts[26]A(aA16); 
ts [53] :=ts [26] A (bA6) ; 
t s [ 5 4] :=ts[6]A(a A 3); 
ts [55] :=ts[6]A(aA7); 
ts [56] :=ts[6]A(aA6); 
ts[57]:=ts[30]A(c); 
ts[58]:=ts[31]A(a); 
t s [ 5 9 ] : = t s [ 3 3 ] A (c) ; 
ts [60] :=ts[31]A(aA16); 




ts [65] :=ts[34]A(c); 
ts[66]:=ts[45]A(a); 
ts[67]:=ts[35]A(a); 
ts [68] :=ts[40]A(c); 
ts[69]:=ts[61]A(a); 
ts [70] :=ts[35] A (bA7); 
ts[71]:=ts[36]Ac; 
ts[72]:=ts[54]A(bA2); 
ts [73] :=ts[71]A(b); 




ts[78] :=ts[43]A(a) ; 
ts [79] :=ts[43]A(c); 
ts[80]:=ts[44]A(a);
ts [81]:=ts[74]Ac; 
ts [82] :=ts[60]Ac; 
ts [83]:=ts[46]A(aA16) 
ts [84] :=ts[47]A(aA16) 
t s [ 8 5 ] :=ts[48]A(a) ; 
ts [8 6] : =ts [49] A (a) ; 
ts [87] :=ts[49]A(aA16) 
ts[88]:=ts[50]A(a); 
ts [89] :=ts[50]A(b); 








ts [98] :=ts[55]A(c); 
t s [ 9 9 ] :=ts[56]A(c) ; 
ts [100] :=ts[64]A(a); 
ts [101]:=ts[57]A(a); 
ts[102]:=ts[64]A (c) ; 
ts[103]:=ts[96]A (c) ; 
ts [104] :=ts[58]A(b); 
ts [105] :=ts[59]A(a); 
ts[106]:=ts[84]A(c); 





ts [112] :=ts[71]A(a); 
ts[113]:=ts[98]A(a); 




ts [118]' :=ts [103] A (b) ; 
ts [119] :=ts[112]A(b); 
ts [120] :=ts[118]A(a);
(xxA3*yyA5*zz)A5*ts[70]*ts[23]*ts[51]*ts[2]*ts[1] = e 
is a given relation.
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